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TRANSLATION 
SURYA-SIDDHANTA, 
WITH NOTES, AND AN APPENDIX. 


[Communicated to the American Oriental Society May 17, 1858, and published in. 
the Sixth Volume of its Journal. ] . 


Inrnopucrory Nore. 


Soon after my entrance upon the missionary field, in the Maratha 
country of western India, in the year 1839, my attention was directed 
to the preparation, in the Mar&thi language, of an astronomical text- 
book for schools, I was thus led to a study of the Hinda science of 
astronomy, as exhibited in the native text-hooks, and to an cxamination 
of what had been written respecting it by European scholars. I at 
once found myself, on the one hand, highly interested by the subject 
itself, and, on tho other, somewhat cmbarrassed for want of a satisfactory 
introduction to it. A comprehensive exhibition of the Hindu system had 
nowhere been.made. The Astronomie Indicnne of Bailly, the first ex- 
tended work upon its subject, had long been acknowledged to be founded 
upon insufficient data, to contain a greatly exaggerated estimate of the 
autiquity und value of the Hindu astronomy, and to have been written 
for the purpose of supporting an untenable theory. The articles in the 

Asjatic Researches, by Davis, Colebrooke, and Bentley, which were the 
first, as they still ‘remain the most important, sources of knowledge re- 
specting tho matters with which they deal, relate only to particular 
points .im the system, of especial prominence and interest. Bentley's 
volume on Hindu astronomy is mainly oceapied’savith an endeavor to 
ascertain the age of the principal astrononjical tréatises, and the epochs 
of astronomical discovery aud progress, anil is, moreovér, even in these 
respects, an exqgedingly unsafe guide. , The freatment-of the subject by, 
Delambre, in his History of Ancient Astronomy, being ‘fonndedonly 
upon Bailly and the earliest’ of the, essays in the Asiatic Researches, 
partakes, of course, of the incompleteness of his authorities. Works’ 
of value have been published in India also, into which more or less of. 
Hindu astronomy enters, as W arren’s Kala Sankalita, Jervie’s Weights 
Measures and Coins of India,..Hoisington'’s Orjental Astronomer, aid 


ll 
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the like; bnt these, too, give, for the most part, hardly inore than the 
practical processes employed in parts of the system, and they are, like 
many of the authorities already mentioned, ouly with difficulty accessi- 
ble. In short, there was nothing in existence which showed the world 
how much aud how little the Hindus know of astronomy, as also their 
mode of presenting the subject in its totality, the intermixture in their 
science of old ideas with new, of astronomy with astrology, of observa- 
tion and mathematical deduction with arbitrary theory, mythology, 
cosinogony, and pure imagination. It seemed to me that nothing would 
so well supply the deficiency as the translation and detailed! explication 
of a complete treatise of Lindu astronomy: and this work I accord- 
ingly undertook to execute. 

Among the different Siddhantas, or text-books of astronomy, existing 
in India in the Sanskrit language, none appeared better suited to my 
purpose than the Sairya-Siddhanta. That it is one of the most highly 
estecmed, best known, and most frequently employed, of all, must be 
evident to any one who has noticed how much oftener than any other 
it is referred to as authority in the various papers on the TLindu astron- 
omy. In fact, the science as practised in modern India is in the greater 
part founded upon its data and processes. In the lists of Siddhintas 
given by native authorities ti. is almost invariably mentioned second, the 

srabma-Siddhauta being placed first: the latter enjoys this premimence. 
perhaps, mainly on account of its name; it is, at any rate, compara- 
tively rare and litthe known, For completeness, simplicity, snd concise 
ness combined, the Sarya-Siddhanta is believed not te be surpassed by 
any other, [113 also more easily obtainable. In general, it is difficult, 
Without official influence or exorbitant pay, to gain possession of exts 
Which are rare and held in high esteem. During my stay in India, | 
was able to procure copies of only three astronomical treatises besides 
the Sdrva-Siddhanta; the Cakalva-Sanhité of the Brahma-Siddhanta, 
the Siddhiuta-Ciromani of Dhaskara, and the Graha-Laghava, of which 
the two latter Gave also beeu printed at Calentta, OF the Sdrva- 
Siddhauta i obtamed three copies, two of them giving the text alone, 
and the third also the commentary entitied Gadharthaprakicaka, by 
Jlanvanitha, of which the date is umknown to yne, The Jatter manu- 
script avrees in all respects with the edition of the Sdarva-Siddbinta, 
accompanied by the same commentary, of which the publication, in the 
series entitied Bibliotheea Lidiea, has been commenced in India by 
an American scholar, and a member of this Suciety, Prof. Fitz-Edward 
fall of Denares; to this J have also had access, although not until wy 
work was carly completed. 

My first rough draft of the tramlation and votes wAs made while [ 
was still in India, with the aid of Brahmans who were familiar with the 
Sanskrit and well versed in Jfindu astronomical science, In a few points 
ef, received help from the native Professor of MatHematies in the 
Sanskrit College at Pana, But notwithstanding this, there remained 
not a few obscure and difficult points, connected with the demonstration 
and application of the processes taught in the text. In the solution of 
thescp I have réecived very important assistance from the Commitice of 
Publication of the Socicty. ‘They have also—the main share of the 
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‘work falling to Prof. Whitncy—enriched the notes with much additional 
matter of valne. My whole’ collected material, in fact, was placed in 
their hands for revision, cxpansion, and reduction to the form beat 
answering to the requirements of modern scholars, miy own engrossing © 
occupations, and distance from the place of publication, as well as my 
confidence in their ability and judgment, leading me to prefer to intrust 
this work to them rather than to undertake its exccution myself. = 
We havo also to express onr acknowledgments to Mr. IIubert A. 
Newton, Professor of Mathematics in Yale College, for valuable aid ren- 
dered us in the more difficult demonstrations, and in the comparison of 
the Hindu_and Greek astronomies, as well as for his constant advice and 
suprresticill which add not a little to the value of the work. 


The Strya-Siddhanta, like the larger portion of the Sanskrit litera- 
(ure; is written in the verse commonly called the gloka, or in stanzas of 
two lines, each line being composed of two halves, or padas, of cight 
syllables each. With its metrical form are connected one or two peco- 
liarities which call for notice. In the first place, for the terms used 
there are often many synonyms, which are cinploved according to the 
exigencies of the verse: thus, the snn has twelve different names, Mars 
six, the divisions of time two or three each, radius six or ciglit, and so 
on. Again, the method of expressing numbers, large or sinall, is. by 
naming the figures which compose them, beginning with the last and 
going backward; using for each figure vot only its own proper name, 
but that of any object associated in the Hinda mind with the number it 
represents. Thus, the number 1,577,917,828 (1.37) is thus given: 
Vasu (a class of deities, efghé in number) -two-cight mountain (the seven 
mythical chains of mountains) -form-figure (the nme digits) -seveu-meun- 
tain-lunar days (of which there are fifteen in the half-menth). Once 
more, the style of expression of the treatise 3s, 1m general, excessively 
concise and elliptical, offen to a degree that would make its meaning 
entirely unintelligible without a commentary, the exposition of a native 
teacher, or such a knowledge of the subject treated of as should show 
what the text must be meant to say. Some striking instances are 
pointed out in the notes, This over-conciseness, however, is not wholly 
duc to the metrical form of the treatise: it is characteristic of nnch of 
the Jlindu scientific literature, m its various branches; its text-books are 
wont to be intended as only the text for written comment or oral expli- 
eation, and hint, rather than fully express, the meaning they contain. 
Jn our translation, we have not thought it worth while to indicate, by 
parentheses or otherwise, the words and phrases introduced by us to 
make the meaning of the text evident: such a course would occasion 
the reader much more embarrassinent than satisfaction. Our endeavor 
is, in all cases, to hit the true inean between uninte igibility and diffuse- 
ness, altering the phraseology and construction of the original only-"so 
far as ix necessary. Ln both the translation and the notes, moreover, 
we keop steadily in view the interests of the two classes of readers for 
whose benefit the work is undertaken: those who are oricntalists with- 
out being astronomers, and those who are astronomers without being 
orientalists, For the sakeof the former, our explanations and demon- 
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strations dare made mioreclementary and full than would be necessary, 
were we addressiug mathematicians only: for the sake of the latter, we 
cast the whole into a form as occidental as may be, translating every 
technical tern which admits of translation: since to compe! all those who 
may desire to inform themselves respecting the scientific content of the 
Hindu astronomy to learn the Sanskrit technical language would be 
highly unreasonable. ‘To furnish no ground of ‘complaint, however, to 
those who are familiar with and attached to these terms, we insert them 
liberally in the translation, in connection with their English cquivalents. 
The derivation and literal signification of the greater part of the tech- 
nical terms employcd in the treatise are also given in the uotes, since 
auch an explanation of the history of a term is often essditial to its 
full comprehension, and throws valuable light upon the conceptions of 
those by whom it was originally applied. 

We adopt, as the text of our translation, the published edition of the 
SiddhAnta, referred to above, following its rcadings and its order of ar- 
rangement, wherever they differ, as they do in many places, from those 
of the manuscripts without commentary in our possession. The dis- 
cordances of the two versions, when they are of sufficient consequence 
to be worth notice, are mentioned in the notes. 

As regards the transcription of Sanskrit words in Roman letters, we 
need only specify that ¢ represents the sound of the English ch m 
“church,” Italian ¢ before e and i: that 7 is the English 7: that ¢ is pro- 
nounced like the English sh, Gierman seh, French ch, while 82 is a sound 
nearly resembling it, but uttered with the tip of the tongue turned back 
into the top of the mouth, as are the other lingual letters, /, d, 2: 
finally, that the Sanskrit r used as a vowel (which value it has also wu: 
some of the Slavonic dialects) is written with a dot underneath, as r. 

The «lemonstrations of principles and processes given by the native 
commentary are made without the help of figures. The figures which 
we introduce are for the most part our own, although a few of them 
were suggested by those of a sct obtaincd in India, from native mathe- 
maticians. 

For the discussion of such gencral questions relating to this Siddhanta 
as its age, its authorship, the alterations which it may have undergone 
before being brought into its present form, the stage which it represents 
in the progress of ITindu mathematical seignce, the extent and character 
of the mathematical and astronomical knowledge displayed in it, and 
the relation of the same to that of other ancient nations, especially of 
the Greeks, the reader is referred to the notes upon the text. The form 
in which our publication is made does not allow us to sum up here, in 
a preface, the final results of our investigations into these and kindred 
topics. It may perhaps be found advisable to present such a summary 
at the end of the article, in conncction with the additional notes aud 

“wer matters to be there given. 


SO RYA-SIDDHANTA. 
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CHAPTER 1L 


OF THE MEAN MOTIONS OF THE PLANETS. 


Contents :—1, homage to the Deity ; 2-9, revelation of the present treatise; 10-11, 
modes of dividing time; 11-12, subdivisions of n day; 12-14, of a year; 14-17, 
of the Ages; 18-19, of an Eon; 20-21, of Brahma’s life; 21-23, part of it 
already elapsed; 24, time occupied in the work of creation; 25-27, general 
account of the movements of the planets; 28, subdivisions of the circle; 29-83, 
number of revolutions of the planets, and of the moon's apsis and node, in an 
Ace; 54-39, number of days and months, of different kinds, in an Age; 40, in an 
feon; 41-44, number of revolutions, in an Eon, of the apsides and nodes of the 
plancta ; 46-17, time clapsed from the end of creation to that of the Golden Age; 
48-51, rule for the reduction to civil days of the whgle time since the creation ; 
51-52, method of finding the lords of the day, the month, and the year; 53-54, 
rule for finding the mean place of a planet, and of its apsis and node ; 565, to find 
the current year of the cycle of Jupiter; 56, simplification of the above calcula- 
tions; 57-58, situation of the planets, and of the moon's apsis and node, at the 
end of the Golden Age; 59-60, dimensions of the earth; 60-61. correction, for 
difference of longitude, of the mean place of a planet as found; 62, situation of 
the principal meridian; 63-65, ascertainment of difference of longitude by differ- 

* ence hetween observed and computed time of a lunar eclipse; 66, difference of 
tine uwing to difference of longitude ; 67, to find the mean place of « planet for 
any required hour of the day; 68-70, inclination of the orbits of the planete. 


1. To him whose shape is inconceivable and unmanifested, 
who is unaffected by the qualities, whose nature is quality, 
whose form is the support of the entire creation—to Brahma be 
homage |! 


The usual propitiatory expression of homage to some deity, with 
which Hindu works are wont to commence. 


2. When but little of the Golden Age (kta yuga) was left, a 
great demon (asura), named Maya, being desirous to know kat 
mysterious, supreme, pure, and cxaltied science, <i 

%. That chief auxiliary of the scripture (veddngq), in its en- 
tirety—the cuuse, namely, of the motion of the heavenly bodies 
(jyous), performed, in propitiation of the Sun, very severé re- 
ligious austerities. 

] - 


2 Sar ya- Siddhdania, fi. 3- 


According to this, the Strva-SiddhAnta was rpvealed more than 
2,164,960 years avo, that amount of time having elapsed, according to 
Hindu reckoning, since the end of the Golden Age; see below, under 
verse 48, for the computation of the period. As regards the actual 
date of the treatise, it 1s, like all dates in Hindu history and the history 
of Hindu literature, execedingly difficult to ascertain. It is the more 
“difficult, because, unlike most, or all, of the astronomical treatises, the 
Sdrva-Siddhanta attaches itself to the name of no individual ay its 
author, but professes to be a direct revelation from the Sun (sérya). A 
treatise of this name, however, is confessedly among the earliest text- 
books of the Indian science. It was one of the five earlier worka upon 
which was founded the Pafica-siddhantika, Compendium of Five As- 
tronemies, of Varaha-mihira, one of the earliest astronomers whose works 
have heen, in part, preserved to us, and who is supposed to have lived 
about the beginning of the sixth century of our era. A Stiryva-Siddhfnta 
is also referred to by Brahmagupta, who is assigned to tlre cluse of the 
same century and the commencement of the one following. The argu- 
meuts by which Mr. Bentley (Hindu Astronomy, p. 158, ete.) attempts 
to prove Varaha-mihira to have lived in the sixteenth century, and his 
professed works to be forgeries and impositions, are sufficieutly refuted 
by the testimony of al-Dirdiui (the same person aa the Abu-r-Railiin, so 
often quoted in the first article of this volume), who visited India under 
Mahinid of Ghazna, and wrote in A.D. 1031 an account of the coun- 
try: he speaks of Varaha-milira and of his Patica-siddhintika, assign- 
lug to both nearly the same age as is attributed to them by the modern 
Hindus (sce Reinaud in the Journal Asiatique for Sept-Oct. 1844, ivme® 
Série, iv. 286; and also his Mémoire sur l'Inde). He also speaks of the 
Sarya-Siddbanta itself, and ascribes its authorship to Lata (Mémoire sur 
VInde, pp. 331, 332), whom Weber (Vorlesungen tiber Indische Litera- 
turgesxchichte, p. 229) conjecturally identifies with a Ladha who is cited 
by Bratimagupta. Bentley has endeavored to show by internal evi- 
denee that the Sdrya-Siddhénta belones to the end of the cieyenth 
century: see below, under verses 29-34, where his nuecthod and results 
are explained, and their value estimated. 

Of the six Vedangas, “limbs of the Veria,” sciences auxiliary to the 
sacred seriptures, astronomy is claimed te be the first and chief, as rep- 
resenting the eyes; grammar being the mouth, ceremonial the hands, 
prosody the feet, etc. (see Siddh&nta-Giroinani, i, 12-14). The import- 
ance of astronomy to the system of religious observance lics in the fact 
that by it are deterinined the proper times of sacrifice and the like. 
There is a special treatise, the Jvotisha of Lagadhia, or Lagata, which, 
attaching itself to the Vedic texts, andl representing a more primitive 
phase of Hindu science, elaims to be the astronomical Vedanga; but it 
is sail to Le of late date and of small importance. 
whe worl jyotis, “heavenly body,” literally “light,” although the 
current names for astronomy and astronomers are derived from it, does 
- not elsewhere occrr in this treatise. 


4, Gratified by these austerities, and rendered propitious, the 
Sun himself delivered unto that Maya, who besought a boon, 
the system of the planets. 


i, 6.] Translation and Notes. 8 


The blessed Sun spoke: 

5. Thine intent is known to me; I am gratified ‘by thine aus- 
terities; I will give thee the science upon which time is founded, 
the grancl system of the planets. 

6. No one is able to endure my brilliancy; for communication 
I have no leisure; this person, who is a part of me, shall relate 
to thee the whole. 


The manuscripts without commentary insert here the following verse : 

“Go therefore to Romaka-city, thine own residence; there, under- 

oing incarnation as a barbarian, owing to a eurse of Brahina, I will 
impart to thee this science.” 

{f this verse really formed a part of the text, it would bo as clear 
an acknowledgment, as the author could well convey indirectly, that 
the seieuce displayed in his treatise was derived from the Greoks, 
tomaka-city is Rome, the great metropolis of the West its situation is 
given in a following chapter (sec xii. 39) as upon the equator, ninety 
degrees to the west of India. The incarnation of the ein there as a 
barbarian, for the purpose of revealing astronomy to a demon of the 
Hindu Pantheon, is but nsparent artitive for referring the fercien 
science, after all, tu a origin, But the verse is clearly out of 
place here; it is inco with the other verses among which it 
ocenrs, Which give a t version of the method of revelation. 
How comes it here then? [t can hardly have heen gratuitously devised 
and introduced. The verse itself is fuund in many of the manuscripts 
uf this Siddhanta; and the incarnation of the Sun at Romaka-city, 
among the Yavanas, or Greeks, and his revelation of the science of 
astronomy there, are variously alluded to m later works; as, tor instance, 
in the Jiana-bhaskara (sce Weber's Catalocue of the Deriin Sanekrit 
Manuscripts, p. 287, etc.), where he is asserted! to have revealed also the 
Romaka-Siddh4nta. Is this verse, then, a fragment of a different, and 
perhaps more ancient, account of the orivin of the treatise, for which, 
as conveying tea ingenuous a confession of the sourve of the Hindu 
astronumy, another has been substituted later? Such a supposition, 
certainly, dues not lack plausibility. There is something which looks 
the sawe way in the selection of a demon, an Asura, to be the medium 
of the sun's revelation ; as if, while the essential truth and value of the 
system Way acknowledged, it were souglit to affix a stigma tu the source 
whence the Ilindus derived it. Weber (Ind. Stud. i, 2435 Ind. Lit. p. 
2%), noticiuy that the name of the Evyptian sovereign Ptolemaios 
vceurs Jn Indian iuseriptions in the form Zuranaya, conjectures that 
Asura Maya is an alteration of that name, and that the demon Maya ac- 
cordingly represents the author of the Almagest himself; and the conjec- 
ture is powerfully supported by the tact that al-Sirani (see Reinaud, as 
above) ascribes the Paulica-Siddhauta, which the later Hindus att: bie 
toa Pulica, to Paulus al-Yauant, Paulus the Greek, and that another of the 
astronomical trenlises, alluded te above, is called the Romaka-Siddhanta, 

It would be premature to discuss here the relation of the Llindu 
astronomy to the Greck; we propose to sum up, at the end of this 
work, the evidence upon the subject which it contuins. 
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7. Thus having spoken, the disappeared, having given 
directions unto the part of himself. This latter person thus ad- 
dressed Maya, as he stood bowed forward, his hands suppliantly 
joined before him: <r 

8, Listen with concentrated attention to the ancient and exalted 
science, which bas been spoken, in each succeasivé Age, to the | 

Ireat Sages (maharshi), by the Sun himself. 

9. This is that very same original text-book which the Sun of 
old promulgated : only, by reason of the revolution of the Ages, 
there is here a difference of times. _ 


According to the commentary, the meaning of these last verses is 
that, in the successive Great Ages, or periods of 4,320,000 years (see 
below, under vy. 15-17), there are slight differences in the motions of 
the heavenly bodics, which render necessary a new revelation from time | 
to time on the part of the Sun, suited to the altered conditions of things ; 
and that when, moreover, even during the continnance of the sathe Age, 
differences of motion are noticed, owing to a difference of period, it is 
customary to apply to the data given a correction, which is called bfja, 
All this is very suitable for the commentatgg,to say, but it seems not a 
little curious to find the Sun's superh resentative himself in- 
sisting that this his revelation is the as had formerly been 
made by the Sun, only with different da e cannot help suspectin 
in the ninth verse, rather, a virtual confession on the part of the promul- 

tors of this treatise, that there was another, or that there were others, 
in existence, claiming to be the sun’s revelation, or else that the data 
presented in this were different from those which had been previously 
current as revealed by the Sun. We shall have more to say hereafter 
(see beluw, under vv. 29-34) of the probable existence of more than 
one version of the Sfrya-SiddhAnta, of the correction called 5fja, and 
of its incorporation into the text of the treatise iteclf. The repeated 
revelation of the system in cach successive Great Age, as stated in verse 
8, presents no difficulty. It is the Puranic doctrine (see Wilsou’s Vishnu 
Purana, p. 269, etc.) that during the Iron Age the sourcea of knowledge 
become either corrupted or lost, so that a new revelation of scripture, 
law, and science becomes necessary during the Age succeediny. - 







10. ‘Time is the destroyer of the worlds; another ‘Time has 
for its nature to bring to pass. This latter, according as it is 

Toss or minute, is called by two names, real (mfirtu) and unreal 
Camdrta). 


There is in this verse a curious mingling together of the poetical, the 
theoretical, and the practical. To the Hindus, as to us, Time is, in a 
gseaqphborical sense, the great destroyer of all things; as such, he is 
identitied with Death, and with Yama, the ruler of the dead. Time, 
again, in the ordinary acceptation of the word, has both its imaginary, 
and its appreciable and practically useful divisions : the former arc called 
‘real (muria, literally “embodied ”), the latter unreal (amiria, literally 
“ynembodied”), The following verse explains these divisions more fully, 


:. 12] Franslation and Notes” 5 


The epithet kalaydimake, applied: to actual ‘time in tho first balf of 
the verse, is.not easy of interpretation. The commentary tranzlates it 
“is an object of kuowledge, is capable of being;known,” which does not 
seem, satisfactory. It evidently contains a suggested etymology (£ala, 
“timo,” from kalana), and in translating it as above we have seen in it 
also an antithesis to the epithet bestowed .upon Time the divinity. 
Perhaps it should be rather “ hes for its office enumeration.” 


11. That which begins with respirations ( prit¢ia) is called real ; 
that which. begins with atoms (rut) is called unreal. Six respi- 
rations make a vinddi, sixty of these a nddi ; 

12, And sixty nadis make a sidereal day and night... . 

The manuscripts without commentary insert, as the first half of v. 11, 
the usual definition of the length of a respiration: “the time occupied 


in pronouncing ten long syllables is called « respiration.” 
The table of the divisions of sidereal time is then as follows: 


10 long syllables (gurvakehara) = 1 respiration (prana, period of four seconds) ; 


6 respirations - == 1 vinAdi (period of twenty-four secunds) ; 
60 vinidis —. == 1 nfdi (period of twenty-four minutes); 
6o nAdis z= 1 day. 


This is the method of ‘division usually adopted in the astronomical 
text-books: it possesses the: convenient property that its lowest sub- 
division, the respiration, is the same part of the day as the minute is of 
the circle, xo that a respiratiou of time is equivaient to a minute of 
revolution of the heavenly bodies about the earth. The respiration is 
much more ‘frequently called asu, in the text both of this aud of the 
other Siddhantas. The vinddi is practically of small consequence, and 
is only two or three times made use of in the treatise: its usual modern 
naine is pala, but as this term vowhere occurs in our text, we have not 
felt justified in substituting it for vinddi. For nadi also, the more 
common name is darda, but this, tuo, the Sarya-Siddbanta nowhere 
employs, although it uses instead of naddi, and quite as often, nédiké and 
ghatika, We shall uniformly make use in our translation of the terms 
aaa above, since there are no English equivalents which admit of 

eing substituted tor them. 

The ordinary Puranice division of the day is slightly different from the 
astronomical, viz: 


15 twinklings (imesha) == 1 bit (kdehthd); 


Jo bits = 1 minute (kald) ; 
30 minutes = 1 hour (muhirta); 
30 hours = 1 day. 


Manu (i. 64) gives the same, excepting that he makes the bit to con- 
sist of 18 twinklings. Other authoritics assign lifferent values to the 
- lesser measures of time, but all agree in the main fact of the divigidl’ of 

the day into thirty hoars, which, being perhaps an initation of the 
division of the mouth into thirty days, is unquestiouably the ancient and 
original Hindu method of reckoning time. : 

The Sirya-Siddhanta, with commendable moderation, refrains from 
giving the imaginary subdivisions of the respiration which make up 
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“wnreal” time. They are thus stated in Bhaskara’s Siddbanta-Ciromani 
(i. 19, 20), along with the other, the astronomical, table : 


tog atoms (éruft) ==1 speck (¢atpara) ; 
30 specks = 1 twinkling (nimesha) ; 
18 twinklings = 1 bit (Adshthd) ; 
Jo bits = 1 minute (ald); 
Jo minutes == 1 half-hour (ghatikd) ; 
2 half-hours ~ <= 1 hour (Kshana); 
3o hours = 1 day. 


This makes the atom equal to cl th of a day, or zz4,,yth 
of a second. Some of the Purdnas (see Wilson's Vish. Pur. p. 22) give 
a different division, which makes the atom about 57, yth of a second: 
but they carry the division three steps ‘farther, to the subtilissima 
(paramdnu), which equals g-zz9-250-anth of a day, or very nearly 
ae-yooth of a second. 

We have introduced here a statement of these minute subdivisions, 
bevause they form a natural vounterpart to the immense periods which we 
shall soon have to consider, and are, with the latter, curiously illustrative 
of a fundamental trait of Hindu character: a fantastic imaginativeness, 
which delights itself with arbitrary theorizings, and is unrestrained by, 
and careless of, actual realitics. Thus, having no instraments by which 
they could measure even scconds with any tolerable precision. they vied 
with one another in dividing the second down to the farthest conceivable 
limit of minuteness; thus, sceking infinity in the other direction also, 
while they were almost destitute uf a chronology or a history, and could 
hardly fix with accuracy the date of anv event beyond the memory of 
the living generation, they devised, and put forth as actual, a frame- 
work of chronology reaching for millions of millions of years back into 
the pasi and forward into the future. 


12.... Of thirty of these sidcreal days is composed a month ; 
a civil (sévana) mouth consists of as any sunrises; 

18. A lunar month, of as many lunar days (ttht); a solar 
(séura) month is determined by the entrance of the sun into a 
sign of the zodiac: twelve months make a year... . 


We have here described days of three different kinds, and months 
aud vears of four; since, according to the commentary, the last clause 
translated means that twelve montis of cach denomination make up a 
year of the saine denomination. Of sume of these, the practical use 
and value will be nade to appeur later; but as others are not elsewhere 
referred to in this treatise, and us several are merely arbitrary divisiosts 
of time, of which, so far as we can discover, no use has ever been made, 
it may not be amiss briefly to characterize them here. 

. Ff the measures of time referred to in the twelfth verse, the day is 
evidently the starting-point and standard. The sidereal day is the time’ 
of the earth's revolution on its axis; data for determining its length are 
given below, in vy. 34, but if does not cuter as an element into the later 
processes. Ner is a sidcreal month of thirty sidereal days, or a sidercal 
year of three hundred and sixty such days (being less than the true 
sidereal year by about six and a quarter sidereal days), clsewhere men- 
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tioned in this work, or, so far as we know, made account of in any 

Hindu method of reckoning time.- The civil (sévana) day is the natural 

day : it is counted, in India, from sunrise to sunrise (see below, v. 36), 

and is accordingly of variable length: it is, of course, an important 

element in all computations of time. A month of thirty, and g year of 
three hundred and sixty, such days, are supposed to have formed the 

basis of the earlicat Hinds chronology, an intercalary month being added* 
once in five years. This method is long since out of use, however, and 

the month and year referred to here in the text, of thirty and three 

hundred and sixty natural days respectively, without intercalations, are 
elsewhere assumed and made use of only in determining, for astrological 
purposes, the lords of the month and year (ree below, v. 52). 

The standard of the lunar measure of time is the lunar mogth, the 
period of the moon’s synodical revolution. [t is reckoned either from 
new-moon to new-moon, or from full-moon to full-moon ; geuernlly, the 
former is called mukhya, “ primary,” an the latter gduna, “secondary ”: 
but, according to our commentator, either of them may be denominated 
primary, although in fag an this treatise, only the first of them is so 
regarded ; and the secodary lunar month is that which is reckoned 
from any given lunar day to the next of the same name. This natural 
mouth, containing abont twenty-nine and a half days, mean soler time, 
is then divided into thirty lunar days (thi), and this division, although 
of so unnatural and arbitrary a character, the lunar days beginning and 
ending at any moment of the natural day and night, is, to the Hindu, 
of the most prominent practical importance, since by it are reculated 
the performance of many religious ceremonies (see below, xiv. 13), and 
upon it depend thie elief causiderations of propitions and unpropitious 
times, and the like. Of the lunar year of twelve lunar months, how- 
ever, we know of no use made in [ndia, either formerly or now, except 
as it has been introduced and employed by the Mobammedans. 

Finally, the year last mentioned, the solar year, is that by which time 
is ordinarily reckoned in [ndia. Tt is, however, not the tropical solar 
year, which we employ, but the sidereal, no aceount being made of the 
precession of the equinoxesx. The solar month is measured by the con- 
tinuance of the sun in each successive sign, and varies, according to the 
rapidity of his motion, from about twenty-nine and a third, to a little 
nore than thirty-one and a half, days. There is no day corresponding 
to this measure of the month and of the year. 

In the ordinary reckoning of time, these elements are varionsly com- 
bined. = Throuhout Southern India (aee Warren's Wala Sankalita, 
Madras: 1825, p. 4, etc.), the year and month. mado use of are the 
solar, and the day the civil; the beginning of each month and year 
being counted, in practice, from the sunrise nerrest to the moment of 
their actual commencement. [n all Northern -ndia the year is luni- 
solar; the month is lunar, and is divided into both Junar and civil days ; 
the year is composed of a variable number of months, cither twélve or 
thirteen, beginning always with the lunar month of which the com- 
niencement next precedes the true commencement of the sidereal year. 
But, underneath this division, the division of the actual sidereal*year 
into twelve solar months is likewise kept up, and to maintain the con- 
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currence of fhe civil and lunar days, and the lunar end ‘solar months, is 
a process of great.-coinplcxity, into the details of which we need not 
enter here (see: Watren, as above, p. 57, ete.). It will be seen later in 
this chapter (vv. 46-51) that the Stirys-Siddhdnta reckons time by this. 
Jatter syqtem, by the combination of civil, lunar, and sidereal elements. 


, 18.... This is called a day of the gods. 

14. The day and night of the gods and of the demons are 
mutually opposed to one‘another. Six times sixty of them are 
a year of the gods, and likewise of the demons. 


“This is called,” ctc.: that ix, as the commentary explains, the-year 
composed of twelve solar months, as being those last mentioned; the 
sidereal..year. It appears to us very questionable whether, in the first 
instance, anything more was mentt by calling the year a day of the 
gods than fo intimate that those beings of a higher order reckoned time 
upon.a grander acale : just as the month was said to be a day of the 
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the 
Patriarchs (xiv. 2t), and the .on (v. 20), adiéy-of Brahma; all these 
being familiar Puranic designations. Ip the.astrononiical reconstruction 
of the Puranic system, however, a physical meating has been given to 
this day of the gods: the gods arc made to reside at the north pole, and 
the demons at the south; and then, of course, during the halfyear 
when the sun is north of the equator, it is day to the gods aud night to 
the demons; and during the other half-year, the contrary. The subject 
is dwelt upon at some length in the twelfth chapter (xii. 45, etc.). 
To make such a division accurate, the year ought to be the tropical, and 
not the sidercal; but the author of the Sfirya-Siddhinta has not yet 
begun to take into account the precession. See what is said apon this 
subject in the third chapter (vv. 9-10). . 

The year of the gods, or the divine year, is employed only in, des- 
cribing the immense periods of which the statement now follows. 


15. Twelve thousand of these divine years are denominated™ 
a Quadruple Age (caturyugu); of ten thousand times four hun- 
dred and thirty-two solar years 

16. Is composed that Quadruple Age, with its dawn and twi- 
light. ‘The difference of the Golden and the other Ages, as 
measured by the difference in the number of the fect of Yirtue 
in each, is as follows: 

17. The tenth part of an Age, multiplied successively by four, 
three, two, and one, gives the length of the Golden and the other 
Ages, in order: the sixth part of each belongs to its dawn and 
twilight. 


" The period of 4,320,000 yenrs is ordinarily styJed Great Age (ma- 
. hayuga), or, as above in two instances, Quadréple Age (caturyuga). 

In the Strya-Siddhanta, however, the former term is not once found, 
and the latter qccurs only in these verses; elsewhere, Age (yuga) glone 
is employed to denote it; and always denotes it, unless expressly fistited 
by the name of the Golden (Aria) Age. OS : 
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The composition of the Age; or Great Age, is thén as follows : 

















or te . Divine years. - jek OMe pears, 
Dawn, 400 * 14kG08 

Golden Age (Rria yuga), 4000 1,449,000 * 
Twilight, 144,000 

Total duration of the Golden Age, 4,800 ) 1,728,000 
Dawn, 300 108,000 

Silver Age (tretd yuga), 3000 * 1,080,000 
Twilight, 300 108,000 

Total duration of the Silver Age, 3,600 1,296,000 
Dawn, 200 72,000 

Brazen Age (dudpara yuga), 2000 720,000 
Twilight, 200 72,000 

Total duration of the Brazen Age, 2,400 864,000: 
Dawn, ; 100 36,000 

Iron Age (Kalé yuga), 1000 360,000 
Twilight, 100 36,000 

Total duration of the Iron Age; 1,200 "  , 432,0u0 

Total duration of a Great Age, 12,000 4,320,000 


Neither of the names of the last three ages is once mentioned in the 
Stirya-Siddhanta. The first and last of the four are derived from the 
ame of dice: Aria, “made, won,” is the side of the die marked with 
four dots—the lucky, or winning one; kali is the side marked with one 
dot only—the unfortunate, the losing one. In the other names, of 
which we do not know the original aud proper meaning, the numerals 
iri, “three,” and dzé, “two,” are plainly recognizable. The relation 
of the numbers four, three, two, and one, to the length of the several 
periods, as expressed in divine years, and also as compared with one 
another, is not less clearly apparent. The character attached to the 
different Ages by the Hindu mythological and legendary history so 
closely resembles that which is attributed to the Golden, Silver, Brazen, 
and Iron Ages, that we have not hesitated to travster to them the latter 
appellations. An account of this character is given in Manu i. 81-86. 
During: the Golden Age, Virtue stands firm upon four feet, truth and 
justice abound, and the life of man is four centuries; in each following 
Age Virtue loses a foot, and the length of life is reduced by a century, 
so that in the present, the Iron Age, she has but one left to hobble 
upon, while the extreme age attained by mortal: is but a hundred years. 
See also Wilson’s Vishna Purina, p. 622, etc. fo: a description of the 
vices of the Iron Age. 

This system of periods is not of astronomical origin, although the 
fixing of the commengement of the Iron Age, the only possibly his- 
torical point in it, is, as‘ we shall see hereafter, the result of astro- 
nomical computation. Its arbitrary and artificial character is apparent. 
It is tha system of the Purinas and of Manu, a part of the received 
Hindu-cosmogony, to which astrongmy was compelled to adapt itself. 

2 
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We ought to remark, however, that in the téxt itse]f of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given aos 
twelve thousand ‘years simply, and that it is his commentator who, by 
assctting these to be divine years, brings Manu’s cosmogony to an agrec- 
ment with that of the Puranas. This is a strong indication that tho 
divine year is an afterthought, and that the period of 4,320,000 years . 
- is an expansion of an carlier one of 12,000. Vast as this period is, 
however, it is far from satjafying the Hindu craving after infinity. We 
ib next called upon to cdpsiruct a new period by multiplying it by a 
ousand. 73 


18. One and seyenty Ages are styled here a Patriarchate 
(manvaniara) ; at its end is said to be a twilight which has the 
number of years of a Golden Age, and which is a deluge. 

_ 19. In an on (kalpa) are reckoned fourteen such Patriarchis 
(manu) with:their respective twilights; at the commencement of 
the Kon is a fifteenth dawn, having the length of a Golden 
Age. ; 


A) 


The Son is accordingly thus composed : 








Divine years, Solar years. 
The introductory dawn, 4,800 1,728,000 
Seventy-one Great Ages, 852,000 306,720,000 
A. twilight, 4,800 1,728,000 
Duration of one Patriarchate, 856,800 308,448,000 
Pou Patriarchates, 11,995,200 4,318,272,000 
Total dorition of an «Eon, 12,000,000 4,320,000,000 


Why the factors fourteen and seventy-one were thus used in making 
up the on is not obyions; unless, indeed, in the divisiyn by fourteen 
is to be revonized the influence of the number seven, while at the 
same time such a division furnished the equal twilights, or interme- 
diate periods of transition, which the Hindu theory demanded. The 
system, however, is still that of the Purfnas (see Wilson’s Vish. Pur. p. 
24, etc.); and Manu (1. 72, 79) presents virtually the same, although he 
has not the term A°on (Kalpa), but stetes simply that a thousand Divine 
Ages make up a day of Brahma, and seventy-one a Patriarchate. The 
term manvantara, “ patriarchate,” means literally “another Manu,” or, 
“the interval of a Manu.” Manu, a word identical in origin and mean- 
ing with our “man,” became to the Hindus the name of a being per- 
sotiified as son of the Sun ( Vivasvant) and progenitor of the humany. 
race. In each Patriarchate there arises a new Manu, who becomes for:: 
24) own period the progenitor of mankind (see Wilson’s Vish. Pur. p. 
24). 


20. The -Non, thus composed of a thousand Ages, and which 
brings about the destruction of all that exists, is styled a day of 
Brahma; his night is of the same length. 

24. His extreme age is a hundred, according to this valuation 
of a day and a night.... 
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We have aslreadp {Wid indications of an “fasumed destruction of 
existing things at the termination of the lesser periois called the Ago 
and the Patriarchate, in the necessity of a new revelation of virtuc aud 
knowledge for every Age, and of 3 new father of the human ‘fice for 
‘every Patriarchate. These are loft, it should séem, to show’ us how the 
system of‘cosmical periods grew to ldryer‘and larger dimensions. The 
fall development of it, as exhibited in the Par&nas and here, admits only 
two kinds of destruction: the one bet the end of each Aon, 
or day of Brahma, when all creatures, alth@agt not the substance of the 
world, undergo diseolution, and remain buriéd in chaos during his night, 
to be created anew when his day begins again; the other taking oface 
at the end of Brahma’s life, when all matter even is resolved into gts 
ultimate source. Soe 

According to the commentary, the “hundred” in verse 2] means a hun- 
dred years, each composed of three hundred and sixty soe night 
and not a hundred days and nights only, as the text migh€ be understood 
to signify; since, in all statements respecting age, years are necessarily 
understood to be intended. The length of Brahina’s life would be, 
then, 864,000,000,000 divine years, or 311,040,000,000,000 solar years. 
This period is also called in the Puranas a pura, “extreme period,’ and 
its half a pardrdha (see Wilson’s Vish. Pur. p. 25) ;. although the latter 
term has obtained also an independent use, as signifying a period still 
more enormous (ibid. p. 630). It is curious that the commentator does 
not seem to recognize the affinity with this period of the expression 
used in the text, param dyuh. “extreme age,” but gives two different 
explanations of it, both of which are forced and unnatural. 

The anthor of the work before us is modestly content. with the number 
of vears thus placed at his disposal, and attempts nothing farther. So 
is it also with the Puranas in general: although some of them, as the 
Vishnu (Wilson, p. 637).assert that two of the greater pardrdhas cov- 
stitute only a day of Vishnu, and others (ibid. p. 25) that Brahma’s 
whole life is but a twinkling of the eye of Kyshna or of Giva. 








21.... The half of his life is past; of the remainder, this is 
the first Aton. . 

22. And of this ‘Hon, six Patriarofis (manu) are past, with 
their respective twilights; and of the Patriarch Manu son of 
Vivasvant, twenty-seven Ages are past; 

23. Of the present, the twenty-eighth, Age, this Golden Age 
is past: from this point, reckoning up the time, one should com- 
pute together the whole number. 


The desiguation of the already clapsed of this immense period 
seems to be altogether arbitrary. It agrees in guneral with that given 
in the Purdnaa, and, so far as the Patriarchs and their periods are con- 
cerned, with Manu - The name of the present fon is Virdha, 
“that of the boar,” because Brahma, in performing anew at its come 
Inengenent the act of creation, put on the form of thgt animal (see 
Wilson's Vish. Pur. p- 27, ete.). The one preceding is called the Pama, | 
“that of the lotus.” This nomenclature, however, is not universally 
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accepted ; under the word kalpa, in the Lexicdiiit Bohtlin kand Roth, . 
may be found atigther system of names for these periods. Manu (i.61, — 
62) gives the-matnes of the Patriarchs of the past Patriarchates; the 
Pardnas add other particulars respecting them, and also respecting those 
which are still to come (see Wilson's Vish. Pur. p. 259, etc.). 

The end of the Golden Age of the current Great Age is the.time at 
which the Sirya-Siddhdnta claims to have been revealed, and the epoch 
from which its open | aire tocommence. We will, accordingly, 
as the Sun directs, compyte the number of years which are supposed to 


‘% 


have elapsed before that period. 





Divine years. Solar years. 
Dawn of current Aon, 4,800 1,728,000 
Six’ Patriarchates, 5,140,800 1,850,668,000 
Twenty-seven Great Ages, 324,000 116,640,000 
Total till commencement of present Great Age, 5,469,600 '1,969,056,000 
Golden, Age of present Great Age, 4800 _ 1,728,000 
Total time elapsed of current on, 5,474,400 19 1gygfid.00n 
Half Brahma’s life, §32,000,000,000 155,520,000,000,000 








eee aan 


Total time elapsed from beginning of Brah- 

ma’s life ‘6 ead of teat Golde Age, t 432,005,474,4oo _155,521,970,784,000 

As the existing creation dates from the commencement of the current 
#fon, the second of the above totals is the only one with which thie 
Sirya-Siddhanta henceforth has any thing to do. 

We are next informed that the present order of things virtually began 
at a period less distant than the commencement of the on. 


24. One hundred times four hundred and seventy-four divine 
years passed while the All-wise was employed in creating the 
ren and inanimate creation, plants, stars, gods, demons, and 
the rest. 


That is to say: 








Divine years. Eejar years. 
From the total above given, 5,474,400 2,970,784.000 
tleduct the time occupied in creation, 45.400 ¥7,064,000 
& — eee uae 
the remainder is 5,427,000 1,953,720,000 


This, then, js the time elapsed from the true commencement of the ex- 

isting order of things to the epoch of this work. Tiic deduction of this 

period as spent by the Deity in the work of creation is a peculiar feature 

of the Sirya-Siddhanta. We shall revert to it later (see below, under 

ey 29-34), as its significance cannot be shown until other data are 
efore us. 


25. The planets, moving westward with exceeding velocity, 
but constantly beaten by the asterisms, fall behind, at a rate 
precisely. equal, proceeding each in its own path. | 

26. Jfence they have an eastward motion. From the number 
of their revolutions is derived their daily motion, which is dif- 
ferent according to the size of their @@bits; in proportion, fp this 

* daily motion they pasa through the asterisms. — 
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27. One which moves swiftly passes through them in a short 
time; one which moves slowly, in a long time. .'‘By their move- 
ment, the revolution is accounted complete gt thé end of the 
asterism Revat. > 


We have here presented a part of the physical theory of the planetary 

motions, that which accounts for the mean motions: the theery is sup- 

Jemented by the explanation given in the next chapter of the disturbing 
orces which give rise to the irregularities ovorenest The earth is a 
aphere, aud sustained immovable in the ceiftre of the universe (xii. 32), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to west. In this general west- 
ward movement, the planets, as the commentary explains it, are, oh 
to their weight and the weakness of their vortices, beaten by the 
iams (nakshatra or bha, the groups of stars constituting the lunar man- 
sions [see, below, chapter viii], and used here, as in various other places, 
to designate the whole firmament of fixed stars), and accordingly fall 
behind (lambante == labuntur, delabuntur), as if from shame: and this is 
the explanation of their eastward motion, which is only apparent and rela- 
tive, although wont to be regarded as real by those who do not under- 
stand the true causes of things. [ut now a new element ig introduced 
into the theory, which does not seem entirely consistent with this view of 
the merely relative character of the eastward motion. It is asserted that 
the planets lag behind equally, or that each, moving in its own orbit, 
loses an equal amount daily, as cumpared with the asterisms.. And we 
shall find farther on (xii. 73-89) that the dimensions of the planetary 
orbits are constructed upon this sole principle, of making the mean daily 
motion of éach planet eastward to be thé same in amount, namely 
11,858.717 yojanas: the amount of westward motion being equal, in 
each case, to the difference between this amount and the while orbit of 
the planet. Now if the Hindu idea of the sy:inmetry and harmony of the 
universe demanded that the movements of the planets should be equal, it 
was certainly a very awkward and unsatisfactory way of complying with 
that demand to make the relative motions alone, as compared with the 
fixed atars, equal, and the real motions so_vastly different from one au- 
other. We should rather expect that so cthod would have been de- 
vised for making the latter come out alike, and the former unlike, and tho 
result of ditferences in tho weights of the planets and the forces of the 
- jmpelling currents, It looks as if this principle, and the conformity to it 
of the dimensions of the orbits, might have come from those who regarded 
the apparent daily motion as the real motion. Lut we know that Arya-* 
bhatta held the opinion that the earth revolved upon ita axis, causing 
thereby the apparent westward motion of tho heave aly bodies (see Cole- 
brooke’s Hindu Algebra, p. xxxviii; Essays, ii. 467,, and so, of course, 
that the planets really moved eastward at an equal rate among the stars; 
and although the later astronomers are nearly unanimous again.t him, 
we cannot help surmising that the theory of the planetary orbits ema- 
pated from him or his school, or from some other of like opinion. It is 
not upon record, so far as we are aware, that any Hindu’ astronomer, of 
any period, held, as did soiéof the Greek philosophers (see Whewell's? 
History of the Inductive Sciences, B. V. ch. 1), a heliocenttic theory. 
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The absolute motion eastward of all the planets being equal, their 
apparent motion is, of course, in the (inverse) ratio of their distance, or 
of the dimensions of their orbits. 

The word translated “revolution” is dhaganea, literally.“ troop of aster- 
isms ;” the verbal root translated “pass through” is bhuj, “enjoy,” from 
which comes also the common term for the daily motion of a planet, 
bhukii, literally “enjoyment.” When a planet has “enjoyed the whole 
troop of asterisms,” it has made a complete revolution. 

The initial point of the fixéd Hindu sphere, from which longitudes are 
reckoned, and at which the planetary motions are held by all the schools 
of Hindu astronomy to have commenced at the creation, is the end of 
the asterism Revati, or the beginning of Acvini (see chapter viii. for s 
Sa. account of the asterisms). [ts situation is most nearly: marked by 

at of the principal star of Revati, which, according to the Strya- 
SiddbAnta, is 10’ to the west of it, but according to other authorities 
ex coincides with it. That star is by all authorities identified with 
t Pistium, of which the longitude at present, as reckoned by us, from the 
vernal equinox, is 17° 54’. Making due allowance for the precession, we 
find that it coincided in position with the vernal equinox not far from the 
middle of the sixth century, or about A. D. 570. As such coincidence 
was the occasion of the point being fixed upon as the beginning of the 
sphere, the time of its occurrence marks approximately the era of the 
fixation of the sphere, and of the commencement of the history of modern 
Hindu astronomy. We eay approximately only, because, in the first 
place, as will be shown in connection with the eighth chapter, the accu- 
racy of the Hindu observations Is not to be relied upon within a degree ; 
and, in the second place, the limits of the asterisms being already long 
before fixed, it was necessary to take the beginning of some one of them 
as that of the sphere, and the Hindus may have regarded that of Acvini 
as sufficiently near to the equinox for their purpose, when it wags, in fact, 
two or three degrees, or yet more, remote from it, on cither side; and 
each degree of removal would correspond to a difference in time of about 
seventy years. 

In the most ancient recorded lists of the Tindu asterisms (in the texts 
of the Black Yajur-Veda - the Atharva-Veda), Kyttika, now the 
third, appears as the first. e time when the Leginning of that aster- 
ism coincided with the vernal cquinax woul! be nearly two thousand 
years earlier than that given above for the cuincidence with it of the first 
point of Acvini. 


28. Sixty sceonds (vikal@) make a minute (kuli); sixty of 
these, a degrec (Lhdga); of thirty of the latter 1s composed, a 
Sign (régi); twelve of these are a revolution (bhagaa)e. 


The Tlindu divisions of the cirele are thus seen to be the samc with 
the Cigeek and with our own, and we shall accordingly make use, in 
translating, of our own familiar terms. Of the-second (vikald) very little 

ractical use is made; it is not more than two or three times alluded to 
In alj the restof the treatise. The minute (4a/é) is much more often 
- called lipta (or liptikd); this is not an origjis) Sanskrit word, byt was 
borrowed from the Greek astro», The is called either boa or 
anga; both words, like the equivalent Greek word uopa, mean a “ part, 
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portion.” The proper signification of régi, translated “sign,” is simply 
“heap, quantity ;” it is doubtless applied to designate a sign as being a 
certain number, or sum, of degrees, analogous to the use.of gana in 
bhagana (oxplained above, in.the last note), and of régi itself i, dinardgi, 
“sum of days” (below, v.53). Inthe Hindu description of an are, the 
sign is as essential an element as the degree, and no ares of greater length 
than thirty degrees are reckoned in degrees alone, as we are accustomed 
to reckon them. The Greek usage was thesame. We shall hereafter 
see that the signs into which any circle of re¢@lution is divided are named 
Ariea, Taurus, etc., beginning from the point which is regarded as the 
starting point; so that these names are applied simply to indicate the 
order of succession of the arcs of thirty degrees. 


go 


29. In an Age (yugo), the revolutions of the sun, Mercufy, 
and Venus, and of the conjunctions (¢ighra) of Mars, Saturn, 
and Jupiter, moying castward, are four million, three hundred 
and twenty thousand; 

30. OF the moon, fifty-seven million, seven hundred and fifty- 
three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-aix thousand, eight hundred 
and thirty-two ; 

81. OF Mercury’s coujunction (cighera) seventeen million, nine 
hundred and thirty-seven thousand, and sixty; of Jupiter, three 
hundred and sixty-four thousand, two hundred and twenty ; 

82. Of Venus’s conjunction (¢ighra), seven million, twenty-two 
thousand, three hundred and seventy-six: of Saturn, one hun- 
dred and forty-six thousand, five hundred and sixty-eight; 

33. Of the moon’s apsis (ucca), in an Age, four hundred and 
eighty-eight thousand, two hundred and three; of its node (péta), 
in the contrary direction, two hundred and thirty-two thousand, 
two hundred and thirty-eight ; 

34. Of the asterisms, one billion, five hundred and eighty-two 
million, two hundred and thirty-seven thousand, cight hundred 
and twenty-eight. ... ‘e 


These are the fundamental and most important elements upon which 
is founded the astronomical system of the Sirya-SiddhAnta. We present 
them below in a tabular form, but must first explain the character of 
some of them, especially of some of those contained iu verse 29, which 
we have omitted from thie table. ° 

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require 
no remark, save the obvious one that those of the stin are in fact sidercal 
revolutions of the earth about the sun. To the -idereal revolutions of 
the moon we add also her synodical revolutions, anticipated from the next 
following passage (see v.35). By the moon's “apsis” is to be wnder- 
stood her apogee; cca is literally “height,” i.c. “extreme distance :” 
the suainiehtars explains it by mandocea, “apex of slowest motion :” as 
the same word is used to designate the aphelia of the planets, we were 
obliged to.teke in tranelating tt the indifferent term apsis, which applies 
equs both g¥ecentric and heliocentric motion. The “node” is the 
ascending node los ii, 7); the dual “nodes” is never employed in this 
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work. Rid’ the apparent motions of the planets are greatly complicated 
by the fact, unknown to the Greek and the Hindu, that they are revolv- 
ing aboutg centre about which the earth also is revolying. When any 
_planet is & tlie opposite sid@ of the sun from us, and is#ccordingly wov- 
ing in space ift’s direction. contrary to ours, the effect of our change 

luce is to increase the rate of its apparent change of place; again, when 
it is npon our side of the sun, and moving in the same dircction#ith ye, 
the effect. of our motion po retard its apparent motion, and -éven 6.” 
cause it to seem to retrograilé, This oxplains the- “revolutions of the” 
conjunction” of the three suporior planeta: their “conjunctions” regolve 
at tae same rate with the carth, being always upon the opposite atile of 
the‘gun from us; and when, by the combination of. its gwn proper 
motion with that of its conjunction, the planet gets into the latter, its 
rate of- apparent motion is greatest, becoming less in proportion as it 
removes from that position. The meaning of the word which we have 
translated “conjunction” is “swift, rapid:” a literal rendering of it 
would be “swift-point,” or “apex of swiftest motion ;” but after 
much deliberation, and persevering trial of more than one term, wé have 
concluded that “conjunction” was the least exceptionable word -by 
which we could express it. In the case of the inferior planets, ‘the 
revolution of the conjunction-takes the place of the proper motion of 
the planet itself. By the definition given in verse 27, a planct must, in 
order to complete a revolution, pass through the whole zodiac; this 
Mercury and Venus are only able to do as they accompany the san in 
his appafent annual revolution about the earth. To the Hindus, too, 
who-had no idea of their proper movement about the sun, the annual 
motion must haye seemed the principal one; and that by vitfue.of which, 
in their progress through the zodiac, they moved now faster and now 
slower, must have appeared only of secondary importance. The term 
“conjunction,” as used in reference to these planets, must = ricted, 
of course, to the superior conjunction. The physical theories by ‘which 
the effect of the conjunction (¢ighra) is explained, are given m the next 
chapter. In the table that follows we have placed opporite each planet 
its own er revolutions only. 

It is drtler to he observed that all the numbevs of revolutiond,.ex- 
cepting those of the moon's apsis and node, are divisible by four, so 
that, properly speaking, a quarter of an Age, or 1,080,000 years, rather 
than a whole Age, is their common period. This is a point of so rnuch 
importance in the system of the Sirya Siddhinta, that we have added, 
in a secgnd column, the number of revolutions in the lesser period. 

Tn thé third column, we add the period of revolution of each playget, 
as found by dividing by the number of revolutions of each the number. 
of civil days in‘an Age (which is equal to the number of peal days, 
given in v. 34, diminished by the number of revolutions of ‘tié sun ;. sce 

elow, v.37); they are expressed in days, nddis, vine respira- 
tions’ the Jutter may be converted into sexagesimals of the. third order 
by moving the decimal point one-place farther to the right. - 4... 
‘ In the fourth column are given the mean daily motions. ,:4.°:, 7. . 

We shall present later some. comparisonof these qlamenta with: aise: 
adopted in other systems of astronomy, aytient ahd medern,: “.Sttie 
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“Mean Motions of the Planets. 
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fumber ef- | Number of § vevolition ‘2 ' 
Planet. F ea te ee “fn neaa bear lige: ‘tips. motion. | 
H a < ’ sons 
Sun, 4,320,600 
Mercury, 17,937,060 
Venus, ‘| 7,022,376 
Mars, | 2,296,832 . 
Jupiter, | 964,220 : 
Saturn, | 146,568 36,642 | 10,765 46 23 0.41 2 °@ a4 | 
Moon: fs : nit | 
sider. rev. ! 57,753,336 | 14,438,334 27 19 18 0.16| 13 10 34 52 38 
synod. rev. | 53,433,336 } 13,358,334 ag 3: 50 0.70| 12 11 26 41 53. 
rev. of apeis, | 488,203 122,050}) 3,232 5 37 1.36| 6 40 58 42.5 
 « node,| 232,238 58,0594! 6,794 23 59 2.35| 3 19 4443.2 


The arbitrary and artificial method in which the fundamental ele- 
raents of the solar system are here presented ia not peculiar to the 
Strya-Siddhanta; it is also adopted by all the other text-books, and is 
to be regarded as a characteristic feature of the general astronomical 
system of the Hindus. Instead of deducing the rate of motion of each 
poet from at least two recorded observations of its place, and estab- 
ishing a genuine epoch, with the ascertained position of each at that 
time, they start with the assumption that, at the beginning of the 
present order of things, all the planets, with their apsides and modes, 
commenced fheir movement together at that point in the heavens"tgear 
¢ Pisciom, ag:explaincd above, under verse 27) fixod-upon ag the initial 
point of tlie sidereal sphere, and that they return, at certain fixed inter- 
vals, to-@ universal conjunction at the same point, As regards, however, 
the timé’“when the motion commenced, the frequency of recurrence 
of the conjunction, and tho date of that which last. took place, there is 
discordance among the different aathorities. With the Strya-Sid- 
dhanta, and the other treatises which adopt the same general method, 
the determining point of the whole system is the commencement of the 
current Tron Age (kali yuga); at that epoch the plancts are assumed to 
have been in mean conjuuction for the last time at the initial point of 
the sphere, the former conjunctions having taken mi at intervals of 
1,080,000 years previous. The instant at which the Age is made to 
commerice is midnight on the meridian of Ujjayint (see below, under v. 
62), at the end of the 588,465th and beginning of the 588,466th day 
(civit reckoning) of the Julian Period, or bétween the 17th and 18th of 
February 3612 J.P., or 3102 B. C. (sce below, under vv, 45-53, for the 
computatiewef the number of days since elapsed:. Now, although no 
such conjunction ag that assamed by the Hindu astronomers ever did 
er ever will take ‘place, the planets were actnally, at the time sfated, 
spproximediag somewhat nearly to a general conjunction in the neigh- 
boriéod. ofthe initial point of the Hindu sphere; this is shown by the 
‘abla,in which we give their actual mean positions with reference 
as. point Cindipding also thode of the moon’s apogee and node); 
e -becn :Guligingly farnished us by: Prof. Winlock, Superin- 
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tendent of ‘the American Ephemcris and Nautical Almanac. The post- 
tions of the primary planets are obtained by LeVerrier’s times of side- 
real revolution, given in the Annales de l’Observatoire, tom. ii {also in 
Biot’s Astronomie, 3™° édition, tom. y, 1857), that of the moon by 
Peirce's tables, and those of iis apogee and node by ITansen’s Tables de 
la Lune. The origin of the Hindu sphere is regarded as being 18° 5 

8” cast of the vernal equinox of Jan, 1, 1860, and 50° 22' 29’" west of 
that of Feb. 17, 3102 B. C., the precession in the interval being 68° 27 
37”. We add, in a second column, the mean longitudes, as reckoned 
from the vernal equinox of the given date, for the sake of comparison 
with’ the similar data given by Bentley (Hind. Ast. p. 125) and hy 
Bailly(Ast. Ind. et Or, pp. 111, 182), which we alsp subjoin. 


Positions of the Planets, midnight, at Ujjayint, Feb. 17-18, 3102 B. C. 





Planet. . From beginning Longitude. 






































of Hindu sjhere. | Rentley. Bailly. 

Sun, - 7 5 48 3or 45 43 | or 1 tl 30) 5 59 
Mercury, - 41 3 26 268 34 5; 267 35 v6 | aGr 14 oF 
Venus, + 24 58 59' 334 36 30; 333 44 37 | 334 22 18 
Mars, ~ 19 49 26! 289 48 5 | 288 55 19 | 286 55 46 
Jupiter, + 8 38 36: 318 16 7 | 318 3 54] 310 aa 10 
Saturn, - 28 1 13: 281 36 18! 280 1 58] 293 8 a1 
Moon, - £ 33 41, 308 3 50] 306 53 42 | 300 51 16 

do. apsis, {+95 19 a1; 44 56 42] Gr 12 26] Gr 13 33 

do. node, +198 24 45 148 2 161144 38 3a | 144 37 At 


The want of agreement between the results of the thece different in- 
vestigations illostrates the difficulty and uncertainty even yet attending 
inguiries into the positions of the heavenly bodies at so remote an 
epoch. It 1s very possible that the calculations of the astronomers who 
were the framera of the Hindu system may have led them to suppose 
the approach to a conjunction nearer than it actually was; bunt, however 
that may be, it seems hardly to admit of a doubt that the epody was 
arrived at by astronomical calculation carried backward, and that it was 
fixed upon as the date of the last general conjunction, aud made to 
determine the commencement of the present Age of the world, because 
the errors of the assumed positions of the plancts at that time would 
be so small, and the number of years since clapsc] so great, as.to make 
the errors in the mean motions into which those positions entered as 
an element only trifling in amount. 

The moon’s apsis and node, however, were treated in a different 
manner. Their distance frem tho initial point of the sphere, as shown 
by the table, was too great to be disregarded. They were accordingly 
jnedy cxempted from the gencral law of a conjunction once in 1,080,000 
years, and such a number of revolutions was assigned to them as shoulé 
make their positions at the epoch come out, the one a quadrant, the 
other # half-revolution, in advance of the initial point of thésphere. 

We can now see why the deduction spoken of. above (v. 24), for.time 
speut in creation, needed to be made. In order to bring all the planets 
to a position of mean conjunction at the epoch, the time previously 


a4] Translation and Notes. . 19 


clapsed must bo an exact multiple of the lesser period of 1,080,000 years, 
or the quarter-Age; in order to give its proper position to the moon's 
apsis, that time must contain a certain number of whole Ages, which 
are the periods of conjunction of the latter with the planefa, together 
with a remainder of three quarter-Ages; for.the moon’s node, In like 
manner, it must contain a certhin number of half-Ages, with a remainder 
of one quarter-Ago. Now the whole number of years elapsed between the 
beginning of the Afon and that of the current Iron Age is equal to 1826 
quarter-Ages, with an odd surplus of 864,000 ab from it subtract 
an amonnt of time which shal! contain this surplus, together with three, 
seven, cleven, fifteen, or the like (any number exceeding by three gapul- 
tiple of four), quarter-Ages, and the remainder will fulfil the condrtions 
of the problem. The deduction actually made is of fifteen- periods ++ 
the surplus. 

This deduction is a clear indication that, as remarked above (under 
v. 17), the astronomical system was compelled to .adapt itself tou an 
already established Puranic chronulogy. It could, indeed, fix the pre- 
vionsly undetermined epoch of the commencement of the [ron Age, but 
it could not. alter the arrangement of the preceding periods. 

Tt is evident that, with whatever accuracy the mean positions of the 
plauets may, at a given timc, be ascertained Ly observation by the 
ILindu astronomers, their false assumption of a conjunction at the epoch 
of 3102 B. C. must introduce an element of error into their determina- 
tion of the planetary motions. The annual amount of that error may 
indeed bo small, owine to the remoteness of the epoch, and the great 
number of years among which the errors of assumed position are divi- 
ded, yet if must in time grow to an amount not to be ignored or neglect- 
el even by observers so Inaccurate, and theorists so unscrupulous, as the 
Hindus. This is actually the case with the elements of the Sirya-Sid- 
dhanta; the positions of the planets, as calculated by them for the 
aa time, are in some cases nearly 9° from the true places. The 
ater astronomers of India, however, have known how to deal with such 
difficulties without abrogating their ancient text-books. As the Sarya- 
Siddhaénta is at present employed in astronomical calculations, there are 
introduced into its planetary elements certain corrections, called b‘ja 
(nore properly vfja ; the word means literally “seed”; we do not know 
how it arrived at its present significations in the mathematical language). 
That this was so, was known to Davis (As. Res. ii, 236), but he was 
unable to state the amount of the corrections, oxcepting in the case of 
the midon's apsis and node (ibid. p. 275). Bentley (Hind. Ast., p. 179) 
gives them in full, and upon his authority we present them in the 
annexed table. They are in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age, and 
the numbers are all divisible by four, in order nt to interfere with the 
calculation by the lesser period of 1,080,000 years. We have alded 

*the corregted number of revolutions, for both the greater andr lessor 
period, the corrected time of revolution, expressed in Hindu divisions of 
the day, and:the corrected amount of mean daily motion. 

These corrections were first applicd, according to Mr. Bentleve(-As. 
Res, vili, 220), about the beginning of the sixtocnth century; they are 
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resented by several treatises of that ag well as of later date, not having | 
een yet superseded by others intended to secure yet preater correctness.: 


Mean Motions of the Planets ab corrected by the bija. 
‘Corrected oumber of revolu- 



























| “m 
Pet co tn 4,900,000 in 1,080,000 | uil‘ef' revolution. | dally motion. 
oi years. years, = - 

d nv p Bi Mee, ee ee nan 
Sun, 0 | 4,320,000} 1,080,000 365 15 3t 3.14 59 ~§ 10 10.4 
Mercury, | - 16 [17 937,044} 4,484,261 87 56 11 1.261 4 § 32 19 54.5 
‘¥en, - 12] 7,022,364] 3,755,591 224 41 56 1.351 1 36 9 43 1.8 
. - o{ 2,296,832} 474,208 686 59 50 5.87 31 26 28 1141 
Jupiter, - 8| 364,214 91,053 | 4,332 24 56 5.56 459 8 24.9 
Saturn, +12] 146,580 36,645 | 10,764 53 3o 1.411 2 0 23 28.9 
Moon, 0 57,753,336 114,438,334 a7 19 18 0.16/13 10 34 52 3.8 
“ apsis,}- 4| 488,199! 122,049%| 3,232 7 12.3.37| 6 40 58 30.7 
“ nade, |+ 4| 232,242 | 58,060}! 6,794 16 58 0.66 3 10 44 55.0 





We need not, however, rely on external testimony alone for informa- 
tion as to the period when this correction was made. If the attempt to 
modify the elements in such a manner as to make them pive the true 
positions of the planets at the time when they were so modificd was in 
any tolerable degree successful, we ought to be able to discover by cal- 
culation the date of the alteration. If we ascertain for any given time 
the positions of the plancts as given by the system, and compare them 
with the true positions as found by our best modern methods, and if we 
then divide the differences of position by the differences in the mean 
motions, we shall discover, in each separate case, when the erreur was or 
will be reduced to nothing. The results of such a calculation, made for 
Jan. 1, 1860, are given bclow, under v.67. We see there that, if regarel 
is had only to the absolute errors in the positions of the plaucts, no con- 
clusion of valuc can be arrived at; tlic discrepancies between the dates 
of no error are altogether too great to allow of their being regarded as 
indicating any definite epoch of currection. If, on the other hand, we 
assume the place of the sun to lave been the standard by which the 
positions of the other plancts were tested, the dater of no crror are seen 
to point quite distinctly to the first half of the s.xteenth century as the 
time of the correction, their mean being A. D. 1541, Upon this as- 
sumption, also, we see why uo correction cf bija was applied to Mars or 
to the moon: the former had, at the given time, only just passed his 
time of complete accordance with the sun, and the motion of the moon 
was also already so closely adjusted to that of the sun, that the differ- 
ence between their crrors of position is even now less than 10’. -Non 
is there any other supposition which will explain why the scriovs error 
in the position of the sun himself was overlooked at the tinic of the - 
general correction, and why, by that correction, the absolute errors of 
position of more than one of the planets are made greater. than they. 
would..otherwise have been, as is the case. It is, in short éh@iety evident 
that the alteration of the elements of the Strya-Siddhantwhich was 
effected carly in the sixteenth century, was an adaptation ef the errors 
of position of ‘the other planets to that of thigsun, assuméd to dp, cor- 
rect and regarded as the standard. oS tye 
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,.. Now if it is possible by this method to arrive approximately at tha: ° 

“date of a correction,applied to the elements of a Siddh&nta, it should: 
‘bé possible in like manner to atrive at the date of those clements them- 
selves. For, owing to the false assumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give the true place of its planet: if, then, as is to bé:presumed, the 
true places were nearly determined when any treatise was composed, ,. 
and were made to enter as an clement into the construction of ita’ 
system, the comparison of the dates of no error will point to the cpoch of 
its compésition. The inethod, indeed, as is well known to all = i 






have made any studics in the history of Hindu astronomy, has 
been applied to this purpose, by Mr. Benticy. It was first origitiate 
and put forth by him (in vol. vi. of the Asiatic Researches) at a time 
when the false estimate of the age and value of the Hindu astronomy 
presented by Bailly was still the prevailing one in Europe; he strenu- 
ously defended it against more than one attack (As. Res., viii, and Hind. 
Ast.), and finally employed it very extensively in lis volume on the 
History of Hindu Astronomy, as a incans of determining the age of the 
different Siddhantus. We present below the table froin which, in the 
latter work (p. 126), he deduces the ave of the Sarya-Siddhanta; the 
column of approximate dates of no crror we have ourselves added. —- 


Bentley's Tuble of Errors in the Positions of the Planets, as caleulated, 
for successive periods, according to the Sarya-Siddhania, 


Planet. 

















Iron Age 0, | 1. A. 1000, | 1. A. 200), 1. A. 3000, '£. «8. 2639, | 1. A. 4192, | When! 
B.C. 3102, | B.C, 2102, | B.C. 1102. | B.C. 102. | A.D. 338. | A.D. 1091. jeorrect, 
— cee ae) are) oe — | ——— + | 
‘ a a af e e ef oe e qe 2 a Py @ i] oe 2 t on ; A. Db | 
| Mercury, (+33 25 34425 9g 5aj416 54 948 38 2043 21 dcj-1 12 28; 945: 








Venus, |-32 43 36,-24 37 31!-16 31 26-6 25 ar-3 14 4541 14 3, 93y) 
Mars, +12 5 4al+ 9 26 32]+ 6 47 9244 8 1242 26 Scl4 

Jupiter, We 2 53:-12 44 10/- 8 25 39-4 7 2-1 91-45 
Satum, [+20 59 3/415 43 20 
: Moon, - 5 5a 41'- 3 50 48 
j “ apsis,|-3o 11 25)-23 9 36)-16 7 47--9 5 58-4 36 aGj-o 43 10: 1193: 
| “ node, |+23 37 31}+17 59 at}+12 3 trj+7 3 143 33 igo 31 50 1183 
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From an average of the results thus obtained, Bentley draws the con- 
clusion that the Sdrya-Siddh4nta dates froin the latter part of the elev- 
enth century; or, more exactly, A. D. 1091, 
The general soundness of Bentley's method will, we apprehend, be 
denied at the present time by few, and he is certainly entitled to not a 
little credit for his ingenuity in devising it, for the persevering industry 
shown ih its application, and for the zeal and boldness with which he 
ie ple and defended it. He succeeded in throwing not a little 
ight upon an obscure aud misapprehended subj ct, and his investiga- 
tions have contributed very essentially to our present understanding of 
the Hindgaystems of astronomy. But the details of his work are not 

; to ba. accépted withont careful testing, and his general conclusions are 
often unsoyad, and require essential modification, or are to be rejected 
altegether.*’ This we will: attempt to show in connectigg, with his treat- 
ment of the Sirya-Siddh&nta. “f Bit 
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-s._.An the first place, Bentley has made a very serious error in that part ; 
Bt- his calculations which concerns the planet Merqury. As that planet _ 
‘Was, at the epoch, many degrees behind its sal place, it was neces- 
sary, of course, to assign to it a slower than its true rate of motion. 
But the rate actually given it by the text is not quite enough slower, 
and, instead of exhausting the original error of position in the tenth 

‘ century of our era, as stated by Bentley, would not so dispose of it for 
many hundred years yet tc come. Hence the correction of the bija, as 
reported by Bentley himself, instead of giving to Mercury, as to all the 
rest, a more correct rate of motion, is made to have the contrary effect, 
in order the sooner to run ont the original error of assumed position, 
and produce a coincidence between the calculated and the true places of 

the planet. 

In the case of the other planets, the times of no error found by 
Bentley agree pretty nearly with those whieh we have ourselves ob- 
tained, both by calculating backward from the errors of A. D. 1860, 
and by calculating downward from those of 1. C. 3102, and which are 
presented in the table given under verse 67. | Upon comparing the two 
tables, however, it will be seen at once that Bentley’s conclusions are 
drawn, not from the sidercal errors of position of the plancts, but from 
the errors of their positions as compared with that of the sun, and that 
of the sun’s own error he makes uo account at all. This is a method of 
procedure which certainly requires a much fuller explanation and justiti- 
cation than he has seen fit anywhere to give of it. The Hindu sphere 

: js a sidereal one, and in no wise bound tu the movement of the sun. 
The sun, like the other planets, was not in the position assumed for him 
at the epoch of 3102 B.C, and couscquently the rate of motion 
aseigned to him by the system is palpably different from the real one: 
the siderea! vear is about three minutes and a half too long. Why then 
should the sun’s error be ignored, and the sidereal motions of the other.’ 
planets considered only with reference to the incorrect rate of motion 
established for him? It is evident that Bentley ought to have takeu 
fully into consideration the sun's position also, and to have shown either 
that it gave a like result with those obtained from tbe other planets, or, 
if net, what was the reason of the discrepancy. By failing to do so, he 
has, in our opinion, omitted the most fundamental datum of the whole 
calentation, and the one which leads to the most important cenclusions. 
We have seen, in treating of the dija, that it has been the aim of the 
modern Hindu astronomers, leaving the sun’s error untouched, to amend 
those: of ‘the other plancts to ar accordance with it. Now, as things 
are wont to be inanaged in the Hindu literature, it would be ho matter 
for surprise if such corrections were incorporated into the text itm: | 
had uot the Sdrya-Siddh4nta been, at the beginning of the sixtééuth. 
century, 80 wilely distributed, and its dataso universally known, and 
had not the Hindu science outlived already that growing and productive 
perio, of its history when a school of astronomy might put forth a cor-, 
rected text of an ancieut authority, aud expect to sce it inake its way’, 
to general acceptance, crowding out, and fiually causing to ras al 
the.older verston—such a process of alterationynight, in our view, have 
passcd upon it,"and such a text might have been handed down to our 
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time as Bentley would have pronounced, ypon internal eviderice, to hay. 
been composed eartWin the sixteenth centary; whilc, nevertheless, thie’. 
original error of the sun wonld remain, untouched and increasing, to in- 
dicate what was the true state of the case. 

But what is the actual position of things with regard to our Sid- 
dhanta? We find that it presents us a set of planetary elements, which, 
when tested by the errors of position, in the manner already explained, © 
do not appear to have been constructed so as to give the true sidereal 
positions at any assignable epoch, but which, on the other hand, exhibig- 
evidences of an attempt to bring the places of the other planets inf an 
accordance with that of the sun, made sometime in the tenth calefdath 
century—the precise time is very doubtful, the discrepancies of the 
times of no error being far too great to give a certain result. Now it is 
as certain as anything in the history of Sanskrit literature can be, that 
there was a Sarya-Siddhanta in existence long before that date; there 
is also evidence in the references and citations of other astronomical 
works (sce Colebrooke, Essays, ii. 484; ILind. Aly. p. 1) that there have 
been more versions than one of a treatise bearing the title ; and we have 
seen above, in verse 9), 2 not very obscure intimation that the present 
work docs not present precisely the same elements which had been ac- 
cepted formerly as those of the Stirva-Siddhinta. What can lic nearer, 
then, than to suppose that in the tenth or eleventh century a correction 
of btja was calculated for application to the elements of the Siddhanta, 
and was then incorporated into the text, by the easy alteration of four 
or five of its versea; and accordingly, that while the comparative errors 
of the other planets betray the date of the correction, the absolute error 
of the sun indicates approximately the true date of the treatise? 

In our table, the time of no errer of the sun is piven as A. DI). 250. 

The correctness of this date, however, is not to be too strongly insisted 
upon, being dependent upon the correctness with which the sun's place 
was first determined, and then_ referred to the point assumed as the 
origin. of the sphere. It was, of course, impossible to observe directly 
when the sun’s centre, by his mean motion, waa 10! east of 2 Piseium, 
and there are grave errors in the determination by the Hindus of the 
distances from that point of the other points fixed by them in their 
zodiac. And a mistake of 1° in the determination of the sun's place 
would occasion a difference of 425 years in the resulting date of no 
error. We shall have occasiun to recur to this subject in connection 
with the eighth chapter. 

There is also an alternative supposition to that which we have made 

above, respeéting the. conclusion from the date of no error of the san. 
If the error in the sun's motion were a fundamental feature of the whole 
Hindn xvstem, appearing alike in all the differ-nt texi-bogoks of the 
science, that date would point to the origin rathc: of the wHole system 
than of‘afy treatise which might exhibit it. But although the ditferent 
SiddhAntas nearly agree with onc another respecting the length of the 
-sidereal year, they do not cutirely accord, as is made evident by the 
following statement, in which are included all the authorities to which 
we have access, cither in the original, or as reported by Colchrotke, 
Bentley, and Warren: 






™ 


ro ShryaSddhanta. * ie 


jew’ Authprity. wile b of shdereal year. | Erte ve ies 
‘AMiryeSiddhinta, .. © "OBSdgGh 12m 36056 "4 + Smabe: 
Paulige-Siddhanta,.- 365 "Gita 36 ‘a +8 £5.25, 
Pardcara-Siddhanta, 365 6" xa 31.50: ', ih ok 
Arya-Siddhanta, 365 “8 12 30.84 +3 26.99 ~ 
Laghu-Arya-Siddhanta, 3656 12 30 Mi 4-3 19.0853 
Siddhénta-Ciromayi, 365 6 12 9 (92 58.05 | a 


ATHE first five of these might be regarded as unimportant vaelstiowie- * 
pf the same error, but it would secm that the Inst is an jndependent dé- . 
“termination, and one of later date than the others; while; ifyall 
‘indépendént, that of the Sirya-Siddhanta has the appearance.of bein 
the most ancient. ‘Such questions as these, however, are not to bo too*. 
hastily decided, nor from single indications merely; they demand the - 
most thorongh investigation of each different treatise, and the careful 
collegtion of all the evideuce which can be brought to bear upon them. 

Here lies Beutley’s chief error. He relied solely upon his method of 
examining the elements, applying even that, as we have seen, only par- 
tially and uncritically, and never allowing his results to be controlled 
or corrected by evidence of any other character. He had, in fact, no - 
philology, and he was deficient in sound critical judgment. He thor- 
oughly misapprehended the character of the Hindu astronomical litera- 
ture, thinkme it to be, in the main, a mass of forgeries framed for the 
purpose of deceiving the world respecting the antiyuity of the Hindu 
people. Many of his most confident conclusions have already been 
overthrown bv evidence of which not even he would venture to question 
the verity, and we are persuaded that but little of his work would stand . 
the test of a thorough examination. : 

The annexed table presents « comparison of the times of mean side- 
real revolution of the planets assumed by the Hindu astronomy, as _ 
resented by two of its principal text-bovks, with those adopted by the 
great Greek astronomer, and thuse which modern science has espablished. 
The latter are, for the primary planets, from Le Verrier; for thé mpon, 
from Nichol (Cyclopedia of the Physical Sciences, pepe. Ae 
Those of Ptolemy are deduced from the inean daily rates of 
-longitade given by him in the Syntaxis, allowing for the movement of 
the equinox according to the false rate adupted by him, of 86. yearly. 


Comparative Table of the Sidereal Revolutions of the Planets. 
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Planet.  SOrya-Slddbénta.'Siddhauta-Giromanl| Ptolemy. 












sunt‘; gS Bel Seg «| d 
Sun, | 365 612366 365 Giz 9.0| 36596 
Mercury, 872316 22.3: 87 23 16 41.5 8793 

















Venus, .. 226 16 45 56.2) © 224 16 45 9 | 234 1651 56.8, 224 16 44. Bb 
ara, 686 23 56 23.5) 686 23 57 1.5 | 686 23 31 56.1] 4B6-a3 30 41.4 
upiter, 4,332 741 44.4) 4,332 5 45 43.7 433218 9 o85| 435944 2 86 

Saturn, » {10,765 18 33 13.6, 10,765 19 33 56.5 |10,758 17 48 #4:9110,759 5 16 394 





sid, rev. : 27 743128} . 37 7.43121) 27 743121) 97 743 11.4 
synog. rev. | * 991244 2.8)8" 29 12 44 2.3; 991244 3.3; 991944 2.9] 
rev. of apsia,| 3,232 214 53.41 3,232 17.37 6.0! 3,332 g 52 13.6) 3,232 19-48 29.6 
ri node,| 6,794 9 35 45.4, 6,792 6.5 41.9; 6,799 23 18 J9.4 6,798 Gals #6 
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~ Tn-the additional My at the end ‘of pb york, wa shall revert’ a 


‘subject of theso datg and of the light by. ghem upon, the 6 
and age of the system. penaRe. ae ae 


84... 'The number of risings of the astetiems, diminished by 
the number of:the revolutions of each planet-respectively, gives 
the number of risings of the planets in an Age. ae Caer 

™.. $5 Fhe number of lunar months is the difference betwelh the © 
numiber of revolutions of the sun and of the moon. [Jf from 4g. 
. the number of solar months be subtracted, the remainder igshi 
viumber of intercalary months. SAA 
. 86. Take the civil days from the lunar, the remainder is the 
number of omitted lunar days (tithtkshaya). From riging to 
rising of the sun are reckoned terrestrial civildays; -~ . 

87. Of these there are, in an Age, one billion, five handred 
and seventy-seven million, nine hundred and seventeen thousand... 
eight hundred and twenty-eight; of lunar days, one billion, six” 
hundred and three million, and eighty ; . 

38. Of intercalary months, one million, five hundred and 
ninety-three thousand, three hundred and thirty-six; of omitted 
lunar days, twenty-five million, cighty-two thousand, two hun- 
dred and fifty-two ; . 

89. Of solar months, fifty-one million, eight hundred and forty. 
thousand. ‘The number of risings of the asterisms, diminished» 
by that of the revolutions of the sun, gives the number of ter-" 
restrial days. 

40. ‘I'he intercalary months, the omitted lunar days, the side- 
real, lunar, and civil days—these, multiplied by a thousand, are 
the number of revolutions, etc., in an Kon. 








The data here given are combinations of, and deductions from, those 
contained, ‘in the saaipell, 1 pos. (vv. 29-34). For convenience of 
‘efehihice, we present them below in a tabular form, 


In 4,320,000 years. In 1,080,000 years. 





Sidereal days, 1,582,237,628 395,559,457 
deduct solar revulutions, 4,320,000 1,080,000 
"Natural, or olvil days, 1,577,917,828 394,479,457 
Siderei iitlay years, 4,320,000 1,080,000 
Fl by no. of eelar months ip a year, 12 12 
ody ay ees eee 
ies 8 
: — 51,84: 00 I 4y760,000 
Moon's siderea} revolutions, 57,753,336 14,438,334 
deduct solar révolutions, 4,320,000 I, 

Synodical revolutions, lunar months, 53,433,336 13,358,384 
deduct solar months, . : 91,840,000 —_¢_ £2, 960,000 

1 a sntchi fname smi is 
Tntercalary months, 1,993,336 598,334 

awe 4 
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~idanar months, 53,433,336 13,358,334 
¥ers* multiply by no. of lunar days in a month, \ 3o Jo 
Lunar days, 1,603,000,080 750,020 
Meduct civil days, 1,577,917,828 394479,457 
Omitted lunar days, 25,082,252 6,270,563 


We-add a few explanatory remarks respecting some of the terms em- 
-ployed in this passage, or the divisions of time which they designate. * 
‘# The natural day, nycthemeron, is, for astronomical purposes, reckoned 
in the Sirya-SiddhAnta from midnight to midnight, and 1s of invariable 
length ; for the practical uses of lite, the Hindus count it from ‘sunmse 
to sunrise; which would cause its duration to vary, in a latitude as high 
as our own, sometimes as much as two or three minntes. As above 
notiegd, the system of Brahmagupt» and some others reckon the astro- 
nomical day also from sunrise. 

«g: Forthe lunar day, the Iunar and solar month, and the general con- 
Hitution of the year, sce above, under verse 13. The lunar “month, 
which is the one practically reckoned by, is nained from the solar month 
in which it connneuces, «An intercalation takes place when two lunar 
months begin in the same solar month : the former of the two is called 
an intercalary month (adhimdsa, or adhimdsaka, “extva month”), of the 
same name as that which sueceeds it. 

The term “omitted lunar day ” (tthikshaya, “ loss of a lunar day”) 
is explained by the method adopted in the calendar, and in practice, of 
naming the days of the month. The civil day receives the name of the 
lunar day which ends in it: but if two lunar days end in the same solar 
day, the former of them is reckone:l as loss (Ashayu), aud is omitted, the 
dav beins named from tho other. 


_ 41. The revolutions of the stin's apsis (manda), moving east- 
ward, in an Lon, are three hundred and cighty-seven; of that 
of Mars, two huudred and four; of that of Mercury, three hun- 
dred and sixty-eight; eee 

42. Of that of Japiter, nine hundred: of that of Venus, five 
hundred and thirty-five; of the apsis of Saturn, thirty-nine. 
Farther, the revolutions of the nodcs, retrograde, are: 

43. Of that of Mars, two hundred and fourteen; of that of 
Meicury, four hundred and eighty-eight; of that of Jupiter, one 
hundred and seventy-four ; of ihat of Venus, nine handred and 
three ; <2 
44. Of the node of Saturn, the revolutions in an A‘on are’six. 
hundred and sixty-two: the revolutions of the moon’s apsis and 
node have been given here already. 


In Wiustration of the curious feature of the Hindu system of astronomy 
presented in this passage, we first give the annexed table; which shows 
the mmnber of, revolutions in the Lon, or period of 4,320,000,000 years, 
assifued by the text to the apsis and node of ach planet, the remlting 
tame of revolution, the number of years which each would roqujso tu 
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s throngh an arc of ono minute, and : he position of each, acco 
i he system, .in 1950; tho latter belt roth oned In our method, 





the vernal equinox. Farther are added the actual positions for Jan.*%, 
1850, as given by Biot (Traité d’ Astronomie, tom. v. 529); and ‘fally, 
the errors‘6f the positions as determined by this SiddhAnta. = “* 


Table of Revolutions and Present Position of the Apsides and Nodes of 

















the Planets. 
amp a == pe 
Pa [nes [Tmt eaten] S170°"] tet | len] ae 
‘s. __(an Zon. | al desea |_motion, | A. D. 1860. £D.1 0. | position. 
Apsides: | or, |or {| oF 
. Sun, | 387 11,162,790.7 516.8 95 4 | 100 22 | - 536 
‘Mercury, ! 368 11,739,130.4 543.55 | 23815 | 255 7 -.16 52 
. Venos, | 535 8,074,766.4 | 3738 | 9739 | 309 24 | —ara 45 
Mara, | 204 | 1,176,470.6 | 980.4 | 14749 | 15318 | > 5 a9 
Jupiter, | goo | 4,800,000.0 292.2 | 189 9 | 19: 55 | - 2 46 
Saturn, | 39 | 110,789,230.8 | 5128.2 | 254 24 | 290 6 | 15 42 
Nodes: | | | 
Mercury, 488 |  8852,459.0 | 409.8 | 3827 | 4633 |- 8 6 
Venus, , gud : 4,784,053.2 | 291.5 ; 77 26 | 75 19 + 2 3 
Mars, | 314 | 20,186.915.9 | 934.6 | 57 49 | 48.23 + 9 26 
Jopiter, | 174 | 24,627,586.2 | 1149.4 | 97 26 | 98 54 - 13 38 
Saturn, : 662 | 0,525,678. H 302.1 | 118 7 112 22 a 5 45 


A mere inspection of this table is sufficient to show that the Hindu 
astronomers did not practically recognize any notion of the apsides and 
nodes of the planets; sinee, even in the case of those to which they 
assigned the most rapid motion, two thousand vears, at the Mgast, would 
be, required to produce such a change of place as they, with tlicir im- 
perfgct means of observation, would be able to detect. 

This will, however, be made still more clearly apparent by the next 
following table, iv which we give the positions of the apsides and nodes 
as determined by four different text-books of the Ilindu science, for the 
commencement of the Iron Age. 


Positions of the Apsides and Nodes of the Planets, according to Different 
Authorities, at the Commencement of the Iron Age, 3102 B.C. 


sae Siddhinta- Arya- !  Pardcara- 
aes Sirye-Siddhinta.| Ciromani. Siddbanta. Siddhante. 
[Apsides : (rev.) © 0) oni (rev) eo + (rev) oe 6 | (rev) wo 
Sun, (175) 217 7 46(at9) 217 45 36(aro) 2:17 45 36'(279) 217 45 
Mercury, (166) 71019 12(151) 71447 2(154) 7 0 14 24(162) 7 a f01 
Venus, (242) 21939 of(298) 221 2 10(300) « 17 16 4B(240) 2 20 43 43 
Mars, | (92) 4 9 57 36'(133) 4 $18 14 (136) 4 750 24{i49) 4 2432 
Jupiter, ;(407) 521 o (390) 5 22 15 36(378) 52 48 ol(448) 5 a2 35 24 
Saturn, | (17) 7 26 36 wa (18) 8 20 53 31] (16) 4 29 45 36) (24) 7 29 14 52 
Nodea : “a 
Mercury, |(221--) 0 20 52 48)(238-) © a1 20 53(239-) 0 20 9 36(296-) o 3p..1 2 
Venus, |(409-)2 0 1 48(408-)2 o 5 2{432-)2 0 28 48(408-) 2 “oO 5 2 
Mars, (g7-) 3 10 6 24{122-) 0 21 "Tal ae [10 19 cama) 19 3 





































Jupitér. | (79<) 2 19 44 2d} (29~) 2.22 238) (44-) 2 20 38 24! (85-) 2 1 43 12 
_ Satugn, _|(300-) 3 10 37 12.(267-) 3 13 23 31/(283-) 3 10 48 of 288-) 3 10 26 24 
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if deta of the Arya and Pardcara Siddhdntas, from which the posi- ’ 






given in the table are caloalated, are derived rom Bentley (Hind. ' 
pp.-439, 144). To each position is. prefixed the number of com- 
‘plete? revolutions; or, in the case of the nodes, of which the motion is 
-retrégtade, the number of whole revolutions of which each ‘falls short 
by the amount expressed by its position. | : ‘ 
7’./Riae almost umiversal disagreement of these four authorities with’ 
‘Seepebt to the number of whole revolutions accomplished, and their. 
Weeral agreement as to the remainder, which determines the position,*: 
‘prove that the Hindus had no idca of any motion of the apsides and’ 
nddes of the plancts as an actual and observable phenomenon ; biit, » 
knowing that the moon’s apsis and node moyed, they fancied that the 
symmetry of the universe required that those of the other plancts should 
move mag; and they constructed their systems weectina th They held, 
too, a Will be seen at the begiuning of the second chapter, that the 
nodes,and ‘apsides, as well as the conjunctions (¢ighra), were beings, 
statiovied in the heavens, and exercising a physical influence over their 
respective plancts, and, as the conjunctions revolved, so must these also. 
In aiming their systems, then, they assigned to these points such a 
number of revolutions in an on as should, without attributing to them 
any motion which admitted of detection, make their positions what they 
supposed them actually to be. The differences in respect to the number 
of revolutions were in part rendered necessary by the differences of other 
features of the systems; thus, while that of the Siddh4nta-Ciromani 
makes the planetary motions commence at the beginning of the on, 
by that of the Strya-Siddhanta they commence 17,064,000 years later 
(see abovegy. 24), and by that of the Arya-SiddhAnta, 3,024,000 ‘years 
later (Bentley, Ilind. Ast. p. 139): in part, however, they are mary 
arbitrary ; for, although the Varacara-Siddh4nta agrecs with tho. Sid- 
dhanta-Ciromani as to the time of the beginning of things, its numbers - 
of: revolutions correspond only in two instances with those of the latter. 
It may be farther remarked, that the close accordance of the ditferent 
astronomical systema in fixing the position of puints which are so difficult 
of observation and deduction as the nodes and apstJes, strongly indicates, 
either that the [indus were remarkably accurate observers, snd all 
arrived independently at a near approximation to the truth, or that some 
one of them was followed as an authoritv by the othors, or that all alike 
derived their data from a common source, whether native or foreign. 
We reserve te the end of this work the discussion of these different 
possibilities, and the presentation of data which may tend to settle “the 
question between them. . Pe 


Mt 3, 

. ‘43. Now add together the time of the six Patriarch (mit, 

: with their respective twilights, and with the dawn at the com- 
mencement of the Aion (kalpa) ; farther, of the Patriarch Manu, - 
son of .Vivasvant, ne 


st 


“¥: << ‘ : 
* Jt ia altogetker probable that, in the two cases ; ' 
te eagres with the others, its dats were either rage Smeg booms 


sity, or have been incorrectly reported by his. re 
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, 3 o. 
46. The twenty-geven Ages. (yuga) that are past, antbdik 
the present Golde , - (lerta og) from their sum sues ie 





ba. 

time of creation, already. stated in terms of divine yearas’ 
47, In solar years: tha result is the time elapsed at the end of 
the Golden Age; namely, one billion, nine hundred and’Afty- 


thred million, seven hundred and twenty thousand soley. yor 


"Wo have ‘already presented this computation, in-fall, in the néguptas 
versts 23 and 24, | 
ae ee Soe ie ie POE re 


As the Sirya-Siddhanta professes to have been revealed by the Sun 
about the end of the Golden Age, it is of course precluded fropktélsing ; 
any hotice of the divisions of time posterior to that perce: there is. 
nowhere in the treatise an allusion to any of the eras which are getually 
made use of by the inhabitants of India in reckoning tine, with '‘she'ex- 
ception of the cycle of sixty years, which, by its nature, is boand to no 
date or period (sec below, v. 55). The astronomical era is theéom- 
mepcement of the Iron Age, the epoch, according to this Siddh&nta, of 
the last generai conjunction of the planets; this coincides as stated 
above (under vv. a) with Feb. 18, 1612 J.P., or 3102 B.C: From 
that time will have clapse:l, upon the eleventh of April, 1859, the 
number of 4960 complete sidereal years of the Iron Age. The com- 
putation of the whole period, from the beginning of the present order 
of things, is then as follows : 





" Erom end of creation to end of last Golden Age, : 
“Silver Age, 1,296,000 
Brazen Age, 864,000 

. Of Iron Age, 4,960 2,164,960 

_ Total from end of creation to April, 1859, 3,995,884,960 


Since the Strya-Siddhanta, as will appear from the foilowing verses, 
reckons by luni-solar years, it regards as the end of I. A. 4960 not 
the end of the solar sidercal year of that number, but that of the luui- 
solar year, which, by Hindu reckoning, is completed upon the third of 
the same month (see Ward, Kala Sankalita, Table, p. xxxii). 


+ 48.... Reduce the sum to months, and add the months 
ag of the current year, beginning with the light half of 


49. Set the résult down in two hci multiply it by: the; 
number of intercalary months, and divide by that of solar 4 
months, and add to the last result the number of intercal 
months thus found; reduce the sum to days, and add the days 
expired of-the current month ; he 

0. Set. ay down in two places; multiply it by the 
number damnit luge days, and divide by that of lunar days; 
subtract from the last result the number of omitted lunar days 
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thus obtained: the remainder is, at midnight on the meridian of 


51. ‘The sum of days, in civil reckoning. ... 

Tu these verses is taught the method of one of the most nad etek 
and frequently recurring processes in Iindu Astronoiny, the finding, 
nagely, of the number of civil or natural days which have elapsed at 
ane ven date, reckoning either from the beginning of the present 
creation, or (see below, v. 56) from any required epoch since that time. 
In the modern technical language, the result is uniformly styled the 
ahargana, “sum of days;” that precise term, however, docs not once 
occur in the text of the Sirya-SiddhAénta: in the present passage we 
have dyugana, which means the same thing, and in verse 53 dinardgt, 
“heap or quantity of days.” 

The process will be best illustrated and explained hy an example. 
Let it be required to find the sum of days to the beginning of Jan. I, 
1860. 
It is first necessary to know what date corresponds to this in Hindu 
reckoning. We have remarked above that the 490th ycar of the [ron 
Age is completed in April, 1859; in order to exhibit the place in the 
next following ycar of the date required, and, at. the samc time, to pre- 
sent the names and succession of the months, which in this treatise are 
assumed as known, and are nowhere stated, we have constructed the 
following skeleton of a Hindu calendar for the year 4961 of the Iron | 


Age. 





Solar Year. 
a" first day. 
(lA 4 Jami-solar Year. * 
BEo. month. first day. 
12. Caitra, Mar, 13, 1859 (1. A. dg6r,) 


(I. A. 4961.) ” Caitra, Ape, i, 1859. 


1. Viicdkha, Apr. 12, do. I 
2. Jydishtha, May 13, do. S Vaigalcha, May.5, do. | 
3. Ashddha, June 14, do. J. Jyfichtha, June 4s Ses 
4. Cravane, J uly 15, do. 4. Ashi.iha, J uly a “da, 
5. Bhddrapada, Aug. 16, do. 5. Cviivaga, July 31, do. 
: *, Bhadrapada, Aug, 29, do. 
6. Agvins, = Sept. 16, do. ) 
>. Karttika, Oct, 16, do. 7. Agvina,  Bept.98, do. 
: 8, Kirttika, Oct. a7, do. 
8. Méargacirsha, Nov. 15, d ? ’ 
eee 9. Margacirsha, Nov, 26, do. »1 


9. Péusha, Dee. 15, do. 
10. Magha, Jan. 13, 1860. 
ts. Philguna, Feb. 11, do. 
1a, Caitra, Mar. 12, do. 


ro, PAusha, Det. 25, do. 
11, Migha, + Jan. 24, 186a:: . 
12, Phalguna, Feb. 22, do. - 
(I. A. 4962.) 
"1 x, CaAitra, Mar. 23, do. 


Thenames of the solar months are derived from the names of the 
asterisms (sce below, chap. viii.) in which, at the time of their being first 
so designated, the moon was full during their coptymangé. . The same 
nanfes are transferred to the lunar months. Eééh luthr mtd is divi 
into two parts; the first, called the light half (sukla pakesha, “bya 
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side”), laste from new. moon to full moon, or while the moon is waxing’; 
the other, called the fark half (krshna paksha, “black side”), laste from 
fall moon to new moon, or while the moon is waning. mi 

The table r ws that Jan. 1, 1860, is the eighth day of the tenth 





month of the 4iMet year of the Iron Age. The time, then, for which 
we have to fin sum of days, is 1,955,884,060y, 09m, 7d. 
Number of complete years elapsed, 1,955,884,960 - 
multiply by number of solar months in a year, 13 


Number of months, 23,470,619,320 
add months elapsed of current year, 


Whole number of months elapsed, 23,470,619,529 


Now a proportion is made: as the whole number of solar-months 
in an Age is to the number of intercalary months in the same périegl, 30 
is the number of months ubove found to that of the corresponding 
intercalary months: or, 


51,840,000 : 1,593,336 : : 23,470,619,529 : 721,384,703 + 


Whole number of months, as above, 23,470,619,529 
add intercalary months, 721,384,703 
Whole number of lunar months, 24,192,004,232 
multiply by number of lunar days in a month, Jo 
Number of lunar days, 725,760,1 26,960 
add lunar days elapsed of current month, 7 
Whole number of lunar daya elapsed, 725, 760,126,967 


- To reduce, ayain, the number of Innar days thus found to the corres- 
ponding number of sular days, a proportion is made, as before: as the 
whole number of lunar days in an Age is to the nwmber of omitted Junar 
days in the same period, so is the number of lunar days in the period 
for which the sum of days is required to that of the corresponding 
omitted lunar days: or, 


1,603,000,080 : 25,083,252 : : 725,760,126,967 ; 11,356,018,395 + 


Whole number of lunar days as above, 725,760,1 26,967 
deduct omitted lunar days, 11,356,018,395 

Total number of civil days from end of creation 
to beginning of Jaan i, 1860, t 714,404,108,972 


this, then, is the required sum of days, for the beginning of the year 
A.D. 1860, at midnight, upon the Hindu prime meridian. | 

The firat use which we arc instructed to make of the result thus ob- 
tained is an astrological one. 


51.... From this may be found the lords of the day, the 
month, and the year, counting from the sun. If the number be 
divided by seven, the remainder marks the lord of the day, be- 
ginning with the sun. : 

52. Divide the same number by the number of days in a 
metith and in a year, multiply the one quotient by two and the 


e.. SbryaSiddhdnta,: fi, 62. 


otha ivy three, add.one to each ,product, and divide by seven ; 
chtoratnest indicate the loft of tha tyonth and of the 


‘These verses explain the method of ascertaining, f e sum of days 
already found, the planet which is accounted to pref over the day, 
and also those under whosc charge are placed the month and year iu 
whith that day occurs. 

To find the lord of the day is to find the day of the weck, since the 
latter derives its name from the former. The week, with the names and 
succession of its days, is the same in India as with us, having been 
derived to both from a common source. The principle upon which the 
assigument of the days to their respective guardians was made has been 
handed down by ancient authors (sce Ideler, Handbuch d. math. u, tech. 
Chronologie, i. 178, etc.), and ia well known. It depends upon the 
division of the day into twenty-four hours, and the assignment of each 
of these in succession to the planets, in their natural order; the day 
being regarded as under the dominion of that planet to which its firat 
hour belongs. Thus, the plancts being set down in the order of their 
proximity to the earth, as determined by the ancient systems of as- 
tronomy (for the Hindu, see below, xii. 84-88), beginning with the 
remotest, as follows: Saturn, Jupiter, Mars, sun, Venus, Mercury, moon, 
and the first hour of the twenty-four beiny assigned to the Sun, as chicf 
of the planets, the second to Venus, etc., it will be found that the twenty- 
fifth hour, or the first of the second day, belongs to the moon; the forty- 
niath, or the first of the third day, to Mars, and so on. Thus is obtained 
fA new arrangement of the planctas, and this is the one in which this 
Siddhanta, when referring to them, always assumes them to stand: (ses, 
for instance, below, v, 70; ii. 35-37): it has the convenient property 
that by it the sun and moon arc separated from the other planets, from 
which they are by so many peculiarities distinguished. Upon this order 
depend the rules here given for ascertaining also the lords of the month 
and of the year. The latter. as appears both from the cxplanation of 
the commentator, and from the rules themselves, are no actual months 
and years, but periods of thirty and three huudred and sixty days, fol- 
lowing one another in uniform succession, and supposed to be placed, 
like the day, under the guardianship ci the plancts to whom belong 
their first subdivisions: thus the lord of the day is the lord of its first 
hour; the lord of the month is the lord of its first day (and so of i 
first hour); the lord of the year is the lord of its first month (and 
of its first day and hour). We give below this artificial arrangemen¥ 
of the planets, with the order in-which they are found to sueceed ong: 
another as lofds of the periods & one, thirty, and three hundred and 
sixty days; we add their natural order of succession, as lords of the 
hours; and we farther the ordinary names of the days, with their 
English equivalents, er of the numerous names of the planets, it 
ia to be remarked, may be put before the word vdre to form the name 
of the day: vdra itself means literally “successive time,” or “turn,” 
and-igfhot uséd, «0 far as we are aware, in any other connection, to 





denote.a day. . 





7+ Mme of ap Ripstding Fiance. penguin 
Ravivara, ” Sunilky, Sun, : r et a 
Somavira, Monday, Moon, 2 8 6 4. 
Mangalavira, Tuesday, Mara, 3 a 4+ 39° 
Budhavara, Wednesday, Mercury, 4 6 sx -4%, 
Guruvéra, Thuraday, . Jupiter, 5 3 9G . 
Qukravara, Friday, Venus, 6 7 § 
Canivira, Saturday, Saturn, 7 4 3. C5 


As the first day of the subsistence of the present order of things je 
sr aa to have been a Sunday, it is only necessary to divide the-sam 
of days by seven, and the remainder will be found, in the first colamn, 
opposite the name of the planct to which the required day belongs. 

us, taking the sum of days found above, adding to it one, for the firet 
of January itself, and dividing by seven, we have : Sa 

7) 714,404,108,573 

102,057,729,796 — 

The first of January, 1860, accordingly, falls on a Sunday by Hindu 
reckoning, as by our own. 

On referring to the table, it will be seen that the lords of the months 
follow one another at intervals of two places. To find, therefore, by a 
summary process, the lord of the month in which occurs any given day, 
first divide the sum of days by thirty; the quotient, rejecting the re- 
mainder, is the number of months clapsed; multiply this by two, that 
each month may push the succession forward two steps, add onc for the 
current month, divide by seven in order to get rid of whole series, and 
the remainder is, in the colunn of lords of the day, the number of the 
regent of the month required. Thus: 


Jo) 714,404,108,572 
23,813,470, 265-4 
2 


47,026,940,970 


7)47,626,940,571 
6,603,048,652~—7 

The regent of the month in question is therefore Saturn. 
._, By a like process is found the lord of the year, saving that, as the 
apords of tho year succeed one another at intervals of three places, the 
¢nultiplication is by threo instead of by two. Upon working out the 
‘process, it will be found that the final remainder is five, whigh dasiesatas 

ie as the lord of the bags at the given time. 
ixcepting here and in the parallel passage xii. “7, 78, no reference is 
made in the Sdrya-SiddhAnta to the week, or to the names of its days. 
Indeed, it is not correct to speak of the week at all in cozfiection with 
(India, for the Hindus do not secm ever to have regarded it as a division 
of time, or a period to be reckoned by; they knew only of a certain, order 
sicccasion, in which the days were placed under the iva the 
seven planets. And since, moreover, as remarked above (under Wv. 11, 

5 : - 





ane ; - . 
i ‘Stirya-Skidhanta, (i.52- 
FPA hover ‘viade tliat division: of the day into twenty-four hours 
ich’ tHe ‘order of regency depends, it follows that the whole sys- 

Wh Wile"of foreign origin, and introduced into India along with other 
“Weiients ‘of thé modern sciences of astronomy and astrology, to which — 
belonged. Ita proper foundation, the lordship of the successive hours, 
is shown by the other amen xii. 78) to have been also known to the 

: by whic 


iapdus; and the name the hours are there called (hord =x tga) 
jlicates beyond a question the source whence'they derived it. 


BS, Multiply the sum of days (dinardgi) by the number of 
evolutions of any planet, and divide by the number of civil 
days; the result is the position of that planet, in virtue of its 
mean motion, in revolutions and parts of a revolution. 


By the number of revolutions and of qyil days is meant, of course, 
their number, as stated above, in an Age. For “ position of the planet,” 
etc. the text has, according to its usual succinct mode of expression, 
simply “is the planet, in revolutions, etc.” There is no word for “ po- 
sition” or “place” in the vocabulary of this Siddhdnta. 

This verse gives the method of finding the mean place of the planets 
at any given fime for which the sum of days has been ascertained, by 
4 simple proportion : as the number of civil days in a period is to the 
number of revolutions during the same period, so is the sum of days to 
the number of revolutions and parts of a revolution accomplished down 
to the given time. Thus, for the sun: 

1,977,91 7,028 : 4,320,000 : : 714,404,108,572 : 1,955,884,q6orev Bs 17° 48’ 7!” 

The mean longitude of the sun, thereforc, Jan. Ist, 1860, at midnight 
‘on the meridian of Ujjayini, is 257° 48’ 7". We have calculated in thi 
manner the positions of all the planets, and of the moon’s apsis and 
node—availing ourselves, however, of the permission given helow, in 
verse 56, and reckoning only from the last epoch of conjunction, the be- 
ginning of the Iron Age (from which time the sum of Ways-is 1,811,945), 

employing the numbers afforded by the lesser period of 
1,080,000 years—and present the results in the following table. ' 


. Mean Places of the Planets, Jan. 1st, 1860, midnight, at Ujeayiat. 
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Planet. |. Site suidnamts. —_leorrected by toad 
Oe mie eciepetoeeecs fet 
: Zoey j Arev. e = ’ ve | s e 

Sun,. z. (4960) 8 17 48 7 8 17 @ 7 

Mercyry, (20.597) 435 13 8/| 4 8 4% 36 

Venu, (8063) 40 21 8 59] 10 16 at “aa 

Mars, (2637) 5 24 17 36 5 417 8% 

Jupiter, (418) 2 36 0 7 232 41 4 

Satura, (168) 3 20 11 raf 3 258 & 50 

Moon, (66,316) 1g 15 23 24] 12 15 23 24 

| #* apsis (560) 9 42 6] 1 8 3 13 
3 “nods, (267-)9 24 206 4| 9 22 46 Shy 
RS Tapers a area arena na. 
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from the numberiof 


Th’ positions are. given aa deduced bo 
the text, and from .th: same as coftected by the 


- wevolistions stated in 


haa “Trapidlationsonat Nats: L.. 
btja : —, are the numbers ~of.complate eT ee . 
since the epoch. _ In the ‘gases of the moon's, apsis and nede, hewgier, 

it was necessary to employ the numbers of revolutions: given. for the 

whole Age, these not being divisible by four, and also to add to. theiy. 
ascertained amount of movement their longitude at the epoch (see, beley, 
under vy. 57, 58). rydye 


54. Thus. also are ascertained the places of the conjuaiie 
(sighra) and apsis (mandocca) of each planet, whigh have ‘Wées 
mentioned as moving eastward; and in fiko manner of thedhodetit. 
eee oak a retrograde motion, subtracting the result from.§ 
whole circle. — 


The places of the apsides and nodes have already been given above 
(under vv. 41-44), both for the commencement of the Iron Age, and 
for A.D. 1850. The place of the conjunctions of the three superior 
planets is, of course, the mean longitude of the sun. In the case of the - 
inferior planets, the place of the conjunction is, in fact, the mean place of 
the planet itself in its proper orbit, and it is this which we have given for 
Mercury and Venus in the preceding table: while to the Hindu appre- 

- hension, the mean place of those planets is the same with that of the sun. 


55. Multiply by twelve the past revolutions of Jupiter, add 
the signs of the current revolution, and divide by sixty; the 
remainder marks the year of Jupiter's cycle, counting from 
Vijaya. 

This is the rule for finding the current year of the cycle of sixty 
years, which is in use throughout all India, and which is called the cycle 
of Jupiter, because the length of its years is measured by the passage 
of that planet, by its mean motion, through one sign of the zodiac, 
According to the data given in the text of this Siddh4nta, the Iength of 
Jupiter's year is 3614 04 38™; the correction of the da makes it about 
12™ longer. It was doubtless on account of the near coincidence of 
this period with the true solar year that it was adopted as a mensuré’at 
time; but it has not been satisfactorily ascertained, so far as we aré 
aware, Where the cycle originated, or what is ita age, or why it was 
made to consist of sixty years, including five whole revolutions of the 
planet. There was, indced, also in use a cycle of twelve of Jupiter's 
years, or the time of one sidercal revolution : see below, xiv. 1% Davis 
(As. Res, iii. 209, etc.) and Warren (Kala Sankalita, p. 197, etc.) have 
‘txeated at some length of the greater cycle, and of the different modes 
: si he and naming its years usual in the different provinces of 
ndia. 

In illustration of the rule, iet us ascertain the y-ar of tie cyele co 
responding to the present year, A. D. 1859. It is nut necessary to make | 
the calculation from the creation, as the rule contemplates; for, since * 
the number of Jupiter's revolutions in the period of 1,080,000 yfars is 
divisible by five, a certain number of whole cycles, without a remainder, 
wil} have elapsed at the beginning of the Iron Age. Theerevolutigns of 
the-planet since'that time, as stated in the table last given; ate 448F'and 
it is in the Sr@ sign of the 419th revelation ;- the reduction of the'whole 
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emount of movement to signs shows us that the current year is the 
$019th since the epoch : divide this by 60, to cast-out whole cycles, and 
the remainder, 39, is the number of the year in the current cycle. This - 
Ateatine nowhere gives the names of the years of Jupiter, but, as in tho 
caso of the months, the signs of the zodiac, and other similar matters, 
azsumes them to be already familiarly known in their succession: we 
accordingly present them below. We take them from Mr. Davis’s paper, 
alluded to above, not having access at present to any original authority 
which gpntains them. 


1. Vijaya. a1. Pramédin, 41. Crimukha. 
2. Jays. 22, Ananda. 42, Bhiva, 

3. Manmatha. 23, Rikehasa. 43. Yuvan. 

4 Durmukha. 24. Anala. 44, Dbatar. 

5. Hemalamba. 25, Vingala. 45. levara. 

6, Vilamba. 26. Kalayukta. 46. Bahudhanya. 
9. Vikérin. 27. Siddharthin. 47. PramAéthin. 
8. Carvart. 28. RAudra. 48. Vikrama. 

9 Plava. 29. Durmati. 49. Bhroya. 

10. Cubbakrt. 3o. Dundubhi. 50, Citrabhénu. 
11. Gubhana. 3t. Rudhirodgirin. St, Subhanu. 
12. Krodhin. 32. RaktAksha. 52. Tfrana. 

13, Vicvavasu. 33. Krodhana. 53. Parthiva. 
14. Pardbhava. 34. Kshaya. 54. Vvaya. 

15. Plavanga. 35. Prabhava. 55, Sarvajit. 

16. Kilaka. 36. Vibhava. 56. Sarvadhdrin. 
17, S4umya. 37. Cukla, 597. Virodhin. 
18. SAdhirana. 38. Pramoda. 58. Vikrta. 

19, Virodhakrt. 39. Prajapati. 59, Khara. 
20, Paridh4vin. 4o. Angirna, 6o. Nandana. 


It appears, then, that the current year of Jupiter's cycle is named 
Prajapati: upon dividing by the planet's mean daily motion the part of 
the current sign alrcady passed over, it will be found that, according to 
the text, that ycar commenced on the twenty-third of February, 1859; 
or, if the correction of the bija be admitted, on the third of April. 

Although it is thus evident that the Sarya-Niddhanta regards both 
the existing order of things and the Iron Age as having begun with 
Vijaya, that hese is not generally accounted as the first, but as the 
twenty-seventh, of the cycle, which is thus made w commence with 
Prabhava. An explanation of this discrepancy inight perhaps throw 
important light upon the origin or histury of the ee 

is daethiod of reckoning time is called (see below, xiv. 1,2) the 
barhaspatya mana, “measure of Jupiter.” 


56. The processes which have thus been stated in full detail, 
are practically applied in an abridged form. The calculation of 
the mean place of the planets may be made from any epoch 
(yuga) that may be fixed upon. 

57, Now, at the end of the Golden Age (kria yuga), all the 
planets, by their mean motion—excepting, however, their nodes 
and apsides (mandocca)—are in conjunction in the first of Arics. 

58. The moon’s apsis (ucea) is in the first of Capricorn, and 
its node is in the first of Libra; and the rest, which havo been 


i. 58.) Translation and Noies. St. 


stated above to have a slow motion—their position canhot be . 
expressed in whole signs. seuaarant se 


It is curious to observe how the Strya-Siddh&nta, lest it should scem 
to admit a later origin than that which it claims in the second verse of 
this chapter, is compelled to ignore the real astronornical epoch, the 
beginning of the Iron Age; and also how it avoids any open .recog- 
nition of the lesser cycle of 1,080,000 years, by which its calculations 
aré so evidently intended to by maile. as 

The words at the end of verse 56 the commentator interprets to mean : 
“from the beginning of the current, i.c., the Silver, Age.” In this he 
is only helping to keep up the pretence of the work to immemorial an- 
tiquity, even going therein beyond the text itself, which expressly says: 
“from any desired (tshtatas) yuga.” Possibly, however, we have taken 
too great a liberty in rendering yuga by “epoch,” and it should rather 
be “ Age,” i.e, “beginning of an Age.” The word yuga comes from 
the root yuj, “to join” (Latin, gungo; Greek, te¢;evue: the word itself 
is the same with yugum, cuyv), and scems to have been Griginally ap- 
plied to indicate a cycle, or period, by means of which the conjuuction 
or correspondence of discordant modes of reckoning time was kept up; 
thus it still signifies alsw the dustram, or rycle of five vears, which, with 
an intercalated month, auciently maintained the correspondence of the 
year of 360 days with the true solar year. From such uses it was trans- 
ferred to designate the vaster periods of the [Hindu chronology. 

As half an Age, or two of the lesser periods, are aceuunted to have 
elapsed between the end of the Golden and the beginning of the Iron 
Age, the planets, at the latter epoch, have again returned to a position 
of mean conjunction : the moon's node, alse, im sull i the first of Libra, 
but her apsis has changed its place half a revolution, to the first of 
Cancer (see above, under vy. 29-34). The positions of the apsides and 
nodes of the other planets at the same time have been given already, 
under verses 4]—44. 

The Hindu names of the signs correspond in signification with onr own, 
having been brought into [udia from the West. There is nowheré ia 
this work any allusion to them as constellations, or as having any fixed 
position of their own in the heavens: they are simply the names of the 
successive signs (rd¢i, bha) intv which any cirele is divided, and it is left 
to be determined by the connection, in any case, from what point they 
shall be counted. Tere, of course, it is the initial point of the fixed 
Hindu sphere (see above, under v. 27), As the signs are, in the sequel, 

frequently cited by name, we present annexed, for the convenience of 
reference of those to whose memory they are not iamiliar in the order 
of their succession, their names, Latin and Sanskmt, their numbers, and 
the figures gencrally used to represent them. ‘Those enclosed im 
brackets do not chance to occur in our text. 


1, Arles, —p mexha, aja. 7. Libra, 2 tuld. 

2. Taurus, § vrshan. 8. Scorpio, | Mm [rrerika,] afi. 
3. Gemini, FI mithuna. 9. Sagittarius, ~ dhanus. ; 
4 Onncer, £3 karka, karkata. 10, Capricornus, yf makara, mre, 
5. Teo, NQ [sinha]. 1x, Aquaris, «a tunbha «| 


6. Virgo, My kanyd. 12, Pisces, % [mina). 


38: Strya-Siddhanta, {i 58— * 


In the translation given nbove of the second half of verse 58, not & 
little violence is done to the natural construction. This would -seem te? 
require that it be rendered : “and the rest are in whole signs (have come 
to a position which is withont « remainder of degrees); they, being of’ 
slow motion, are not stated here.” But the actual condition of things 
at the epoch renders necessary the former translation, which is that of 
the commentator also. We cannot avoid conjecturing that the natural 
rendering was perhaps the original one, and that a subsequent alteration 
of the clements of the treatise compelled the other and forced interpre- 
tation to be put upon the passage. 

The commentary gives the positions of the apsides and nodes (those 
of the nodes, however, in reverse) for the epoch of the end of the Golden 
Age, but, strangely enough, both in the printed edition and in our manu- 
script, commits the blunder of giving the position of Saturn’s node a 
second tine, for that of his apsis, and also of making the seconds of the 

osition of the node of Mars 12, instead of 24. We therefore add them 
clow, in their correct form. 


Motion of the Apsides and Naores of the Planets, to the End of the last 
(ralden Ade, 
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Planet. Apais. : Node. 

(rev.) ok . . 6 (rey) a ' ‘ 

: Sun. ee) | 

| Mercury, | WG) 9 gf a (220) Boo 16 8 
| Venus, (241) rt ort ar oa (fob) 4 17) 25 48* 
| Mars, [ (g2) 3 3 14 24 (gi) yg at 20 24 
| Jupiter, lig) 0 g oO 8 (78) 8 8 56 24 
Saturn, | (Im) 7 19 35 24 (agg) 4 2 13> FD 


The method of finding the mean places of the planets for midnight 
ou the prime meridian having been now fully explained, the treatise 
proceeds ty show how they may be found for other places, and for other 
times of the day. To this the first requisite is to know the dimensions 


of the earth. 


59. Twice eight hundred yojunas are the diameter of the earth: 
the square root uf ten times the square of that is the carth’s cir- 
cumference. 

60. This, multiplied by the sine of the co-latitude (lambajya) 
of any place, and divided by radius (éryftvd), is the correcte 
(sphutu) circumference of the earth at that place. ... 


There is the same difficulty in the way of ascertaining the exactness 
of the Hindu ineasurement of the earth as of the Greek; the uneer- 
tain value, namely, of the unit of measure employed. The .yojana is 
ordingrily divided into Aroga, “cries” (i. ¢., distances to whieh a certain 
cry may be heard); the kroca into dhanus, “bow-lengths,” or danda, 
“poles; " and these again into hasta, “cubits.” By its origin, the latter 


* The printed edition, by an error of the press, gives 4. 


oh 


ou ht not to vary far from eighteen inches; but the hizher measures 
paiffer greatly in their relation to it. The usual reckoning makes the 
Yojana equal 32,000 cubits, but it is also sometimes regarded as com- 
posed of 16,000 cubits; and it is accordingly estimated by different au- 
thorities at from four and a half to rather more than ten miles English. 
’ This uncertainty is no mercly modern condition of things : Hiuen-Thsang, 
the Chinese monk who visited India in the middle of the seventh cen- 
tury, reports (see Stanislas Julicn’s Mémoires de Hiouen-Thsang, i. 59, 
etc.) that in India “according to ancient tradition a yojana equals forty 
21; according to the customary use of the Indian kingdoms, it is thirty 
ti; but the yojana mentioned in the sacred bouks contains ouly sixteen 
K:” this smallest vojana, according: to the value of the 4 given by Wil- 
liams (Middle Kingdom, ii. 154), being equal to from five to six English 
miles. At the same time, Hiuen-Thsang statcs the subdivisions of the 
yojana in a manner to make it consist of only 16,000 eubits. Such 

eing the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth's dimensions, or to determine 
how far the disagreement of the different astronomers on this point way 
be owing to the difference of their standards of measurement. Arva- 
bhatta (sce Colebrooke's Hind. Alg. p. xxxvini: Essays, ii, 4628) states the 
earth's diamcter to be 10450 vojanas: Bhaskara (Siddh.-Cir, vik 1) gives 
it as 1581: the latter author, in his Lilavati (i. 4. 6), makes the vojana 
consist of 32,000 cubits. 

The rativ of the diameter to the circumference of a circle is here 
made to be 1:/10, or 128.1625, which is no yery near approximation. 
It is not a little surprising to find this determnination in the same treatise 
with the much more accurate one atforded by the table of sines given in 
the next chapter (vv. 17-21), of 3438 : 10.800, of 155.14136 5 and then 
farther, to find the former, and not the latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xt. 83). But the 
same Inconsistency is four also in other astronomical aud mathematical 
authorities. Thus Aryabhatta (sce Colebrooke, aa above) ealeulates the 
earth’s cireumferenee from its diameter by the ratio 7:22, or 1: 3,14286, 
but makes thie ratio 1:10 the basis of his table of sines, and Brahma- 
gupta and Cridhara also adopt the latter. Bhaskara. in stating the | 
earth’s circunference at 4967 yojanas, is very near the truth, since 
1581: 4967221: 98.14168: his Lildvati (v. 201) gives 7:22, and also, 
as nore exact, 1250 2 8927, or 125.1416. This subject will be reverted 
to in connection with the table of sines. 

The greatest circunference of the earth, as caleulated according to 
the data and method of the teat, is 5059.550 yojauas. The astronomical 
yojans must be regarded as an independent standard of measurement, 

y which to estimate the value of the other dimensions of the solar 
system stated in this treatise. To make the carth’s nean diameter cor- 
rect as determined by the Sdrya-Siddhanta, the vojana should equal 
4.94 English miles; to make the circumference correct, it should equal 
4.91 miles, 

The rule for finding the circumference of the carth upon a parallel of 
latitude is founded upon a simple proportion, viz. rad.: cos. latitude i: — 
circ. of earth at equator: do. at the given parallel; the cosine of the 
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i 0 Being in effect, the radius of the circle of latitude. Radius and. 
- e of latitude are tabular numbers, derived from the table to be’ 
given afterward (sce below, ii. 17-21). This treatise is not accustomed - 
to employ cosincs directly in its calculations, but has special names for 
‘the complements of the different arcs which it has occasion to use. 
Terrestrial latitude is styled aksha, “axle,” which term, as appears from 
xii. 42, is employed elliptically for akshonnati, “ clevation of the axle,” 

i.e, “of the pole:" Jamba, co-latitude, which properly signifies “|! 
ging, dependence, falling oft,” is accordingly the depression of the pole, 
or its distance from the zenith. Directions for finding the co-latitude 
are given below (iii. 13, 14). 

The latitude of Washington being 38° 54/, the sinc of its co-latitude 
is 2675'; the proportion 3438 ; 2675 : : 5059.64 : 3936.75 gives us, then, 
the earth's circumference at Washington as 3936.75 yojanas. 





60.... Multiply the daily motion of a tae by the distance 
in longitude (depintara) of any place, and divide by its corrected 
circumference ; 


61. The quotient, in minutes, subtract from the mean position 
of the planct as found, if the place be east of the prime meridian 
(rekhd) ; add, if it be west; the result is the planct’s mean po- 
sition at the given place. 


The rules previously stated have ascertained the mean places of the 
lanects ata given midnight upon the prime meridian; this teaches us 
ow to find them for the same midnight upon any other meridian, or, 

how to correct for difference of longitude the mean places already found, 
The proportion is: asx the circumference of the earth at the latitude of 
the point of observation is to the part of it bape ae between that 
point and the prime meridian, so is the whole daily motion of each 
planet to the amount of its motion during the time between midnight 
on the one meridian and on the other. The distance in longifude 
(degdntara, literally “difference of region”) is estimated, it will be-ob- 
served, neither in time nor in arc, but in yojanas. Ifow it is ascertained 
is taught below, in verses 63-65. ; 

The geographical position of the prime meridian (rekhd, literally 

“ line”) is next stated. 


62. Situated upon the line which passes through the haunt of 
the demons (rékshasa) and the mountain which is the seat of the 
gods, are Rohitaka and Avanti, as also the adjacent lake. 


The “haunt of the demous” is Lanka, the fabled seat of Ravana, the 
ebief of the RAkshasas, the abduction by whom of Rama’s wife, with 
the expedition to Lank& of her heroic husband for her rescue, its ac- 
complishment, and the destruction of Ravana and his people, form the 
subjeét of the epic poem called the Ramayana. In that poem, and to 
the general apprehension of the Iindus, Lanka is the island Ceylon; in 
the astronomical geography, however (sce below, xii. 39), it is a city, 
situated upon the equator, How far those who established the meridian 
zosy have regarded the actual position of Ceylon as identical with that 
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kA might not be to determine, “Phe-“‘seat of the 
meine Geert mich not at the north pole (seé below, xii. 34, éte.). 
fie meridian is usually styled that of LankA, and “at Lank&” is the 
ordinary phrase made use of in this treatise (as. for instance, abore, v. 
50; below, im. 48) to designate a situation either of no longitude or of 
no latitude, 

But the circumstance which actually fixes the position of the prime 
meridian is the situation of the city of Ujjayini, the Otyvy of the Greeks, 
the modern Ojein. It is called in the text by one of its ancient names, 
Avanti. It is the capital of the rich and populous province of MAalava, 
occupying the plateau of the Vindhya mountains just north of the 
principal ridge and of the river Narmad& (Nerbudda), and from old 
time a chief seat of findu literature, science, and arts. Of all the cen- 
tres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our cra, so important a commerce was 
carried on between Alexandria, as the mart of Kome, and India and the 
countries lying still farther cast. That the prime meridian was made 
to pass through this city proves it to have been the erndle of the Hindu 
scicnce of astronomy, or its principal seat during its early history. Its 
actual situation 1 stated by Warren (Kala Sankalita, p. 9) as Jat. 23° 
11’ 30” N., long. 75° 53’ E. from Greenwich; a later authority, Thoru- 
ton’s Gezettecr of India (Loudon: 1857), makes it to he in lat. 28° 10’ N,, 
long. 75° 47’ E.; in our farther calculations, we shall assume the latter 
position to be the correct one. 

The situation of Rohitaka is not so clear! we have not succeeded in 
finding such s place mentioned in any work on the ancient geography 
of India to which we have access, nor is it to be traced upon Laseen's 
map of ancient India. A city called Rohtuk, however, is mentioned oy 
Thornton (Gazetteer, p. 836), as the chief place uf a modern Britis 
district of the sane naine, and its situatiun, a littl: to the north-west of 
Delhi, in the midst of the ancient Kurukshetra, leads us to regard it as 
identical with the Rohitaka of the text. That the meridian of Lank& 
Was expressly recognized as passing over the Kurukshetra, the memora- 
ble site of the great battle described by the Mahabharata, scems clear. 
Bhaskara (Siddh-Cir, Gan. vii, 2) describes it aa follows: “the Jine 
Which, passing above Lankd and Ujjayini, and touching the region of 
the Kurukshetra, ete, gors through Meru—that line is by the wise 
regarded as the central meridian (aadhkyarckhé) of the earth. Our 
_ own commentary also explains sannihitam saruh, which we have transla- 
ted “adjacent lake,” as signifying Kurukshetra. Warren (as above) 
takes the same expression to be the name of a city, which seems to us 
highly improbable; nor do we sce that the word saras can properly be 
applied to a tract of country: we have therefrre thouylit it safest to 
tranalate literally the words of the text, confess that we do not know 
to what they refer. 

If Rohttuka and Rohtuk signify the same place, we have bere a 
measure of the accuracy of the Hindu determinations of longitude ; 
Thornton gives its longitude as 76° 38’, or 51’ to the east of Ujjayinl. 

The method by which an observer is to determine his distance from - 

the prime meridian is next explained. 
6 
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When, in a total eclipse of the moon, thelfinergence 
(un@iilana) takes place after the calculated time for its occur- 
rence, then the place of the observer is to the cast of the central . 
Bieridian ; 

64. When it takes place before the calculated time, his place 
is to the west: the same thing may be ascertained likewise from 
the inimersion (nzmilana). Multiply by the difference of thetwo” 
times in nfdis the corrected circumference of the earth at the 
place of observation, 

65. And divide by sixty: the result, in yojanas, indicates the 
distance of the observer from the meridian, to the edst or to the 
west, upon his own parallel; and by means of that is made the 
correction for difference of longitude. 


Choice is made, of course, of a lunar eclipse, and not of a solar, for 
the purpose of the determination of longitude, because its phenomena, 
bding unaffected by parallax, are scen everywhere at the same instant of 
absolute time; and the moments of total disappearance and first reap- 
pearance of the moon in a total eclipse are farther selected, because the 
precise instant uf their occurrence is observable with more accuracy than 
that of the first and last contact of the imeon with the shadew. For 
the explanation of the terms here used see the chapters upon eclipses 
(below, iv—vi). 

The interval between the computed and observed time being ascer- 
tained, the distance in lonyitude (degdntara) is found by the simple 
proportion: as the whole nuinber of nadis in a day (sixty) is to the inter- 
val of time in nadis, so is the circumference of the earth at the latitude 
of the point of observativn to the distance of that point from the prime 
meridian, measured on the parallel. Thus, for instance, the distance of 
Ujjayini from Greenwich, in time, being 54 3™ &, and that of Washing- 
ton from Greenwich 55 §™ 115 (.Am. Naut. Almanac), that of Ujjayini 
from Washington is 102 71" 198, or, in Hindu time, 2569 2&¥ 12.8, or 
259.4718: and by the proportion 60: 25.4718 : 3935.75 : 1671.28, we 
ebtain 1671.28 yojanas as the distance in longiude (decantara) of 

Washington from the Hindu meridian, the constant quantity to be em- 
ployed in finding the mean places of the planets at Washington. 

We might have expected that calculators so expert as the Hindus 
would employ the interval of time directly in making the correction for 
difference of longitude, instead of reducing it first to its value in yojanas, 
That they did not measure longitude in our manner, in degrees, etc, is 
pel to the fact that they sccm never to have thonght of applying to 
the globe of the carth the system of measurement by circles and divi- 
sions of circles which they used for the sphere of the heavens, but, even 
when dividing the earth into zones (see helow, xii. 59-66) reduced all 
their, distances laboriously to yojanas. 


66. The succession of the week-day (véra) takes place, to the 
east Of the meridian, at a time after midnight equal to the differ." 


anee of longitude in nfdfs; to the west of the meridian, at a 
corresponding time before midnight. 


i. 67.] Franslation and Notes. 48. 


This verse appears to us.to be an astrological precept, asserting, the « 
_ regency of the sun and the other planets, in their order, over the “aue- 
‘cessive -portiona of time assigned to each, to begin everywhere at the 
same instant of absolute time, that of their true commencement upon 
the prime meridian; so that, for instance, at Riley: pry Sunday, as 
the day placed under the guardianship of the sun, would really bégin at 
‘ eleven minutes before two on Saturday afternoon, by local times The 
commentator, however, sees in it merely an intimation of what moment 
of local tine, in places east and west of the meridian, corresponds to 
the true beyinning of the day upon the prime meridian, and he is at 
much pains te defend the verse from the charge of being superfluous 
and unnecessary, tu which it is indeed liable, if that be its only meaning. 
The rules thus fir yiven have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teaches 
the method of ascertaining their position at any required hour of the 
day. : ‘ 
67. Multiply the mean daily motion of a planet by the number 
of nadfs of the time fixed upon, and divide by sixty: subtract 
the quoticut trom the place of the planet, if the time be before 
midnight; add, if it be after: the result is its place at the given 
timne. 


The proportion is as fellows: as the number of nadis in a day (sixty) 
is to those in the interval Letweeu midnight and the time for which the 
mean place of the planct is songlit, so is the whole daily motion of the 
planet to ifs motion during the interval: and the result is additive or 
subtractive, of course, according as the tine fixed upon is after or beforé 
midnight. . 

In order to furnish a practical test of the accuracy of this text-bogk ‘ 
of astronomy, and of its ability to yield correct results at the preseht & 
time, we have calculated, by the rule given in this verse, the mean longi- 
tules of the pianety fora time after midnight of the first of January, 
1860, on the meridian of Ujjayini, which 1s equal to the distance in 
time of the meridian of Washington, viz, 259 28" 1P.8, or 04,42453 ; and- 
we present the resalts in the aunexed table. The lungitudes are given 
as reckoued from the vernal equinox of that date, which we make to be 
diatant 18° 5! 8.25 from the point established by the Sarya-Sid@Anta 
as the beginning of the Hindu sidereal sphere; this is (see below, chap. 
viii) 10° east of 2 Pisciam. We have ascertained the mean places both 
as determined by the text of our Siddhanta, and by the same with the 
correction of the dia. Added are the actual mean places at the time 
designated : those of the primary plauets have been found trom Le Ver- 
Tiers elements, presented in Biot's treatise, as c.ted above ;* thoso of 
the moon, and of her apsix and node, were kindly furnished us from the 


office of the American Nautical Almanac, at Cambridge. ‘ 








ey 





® We would warn our readers, howover, of a serious error of (Re in the 
re given by Bigt; as the yearly motion of the earth, read 1,205,977 38, insta 
of ... 972.38. 5 Sc ekes eee 
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f Meda Longitudes of the Planets, Jan. 1st, 1860, midnight, at Washington. 


















; According to Silrya-Siddhanta; | According to 

| Planet sg a ee lerrrmat| Gu 
| Sun, g 18 a1, 5 6 
| Mercury, 1655 2 30/148 25 39] 151 28 20 
| Venus, 339 54 55| 334 57 18| 336 13 36 
Mars, 192 36 #5] 192 36 5] 197 26 3a 
' Jupiter, 104 7 22/100 48 56{/103 35 17 
i Saturn, 128 17 «11 { 133 14 dgj 137 10 10 
| Moon, 9 4 9! 9 4 gl 12 a 23 


“  apsis, 327 50 24 | 306 an ou 326 47 «(35 
" node, 3ta_ ag 51 | 310 50 38 | 312 48 «10! 


In the next following table is farther given a view of the errors of the 
Hindu determinations—both the absulute errors, as compared with the 
‘actual mean place of each planet, and the relative, as compared with 
the place of the sun, to which it is the aim of the Hindu astronomical 
systems to adapt the elements of the other planets. Annexed to each 
error is the approximate date at which it was nothing, or at which it 
will hereafter «isappear, ascertained by dividing the amount of present 
error by the present yearly loss or gain, absolute or relative, of each 
planet; excepting in the case of the moon, where we have made allow- 
ance, according to the formula used by the American Nautical Almanac, 
for the acceleration of her motion. 


Errors of the Mean Longitudes of the Planets, as calculated according to 
the Surua-Siddhanta. 








Planet. Errors according to text: The same, with bija : 
| stn. felt to nen oracle. Spey rk ttm ta 
ees ” A. D. | mrs ae my apbBiof®?®”’ ': am en ir On 5 
Sun, -3 46 45) aol o a 0,.... -3 4645 940: 0 O Q.... 
Mercury, [+3 34 10 2332 49 20 53 Jaqzr_ -3 2 Gt 1517!+0 44 5! 1970 
Venus, +3 41 L 1222147 28 4, g4s -1 16 18 2126 }+2 3o 27 1509 
Mars, -4 5o 27, 886'-1 3 4a! 1455 -4 50 27, B8Gi-1 3 42) 1455 


Jupiter, 40 32 5) 0576 544 18 5u, B32 -s 46 a1! 4203:41 © 24 1575 
Sa 8 52 5q 665 -5 6 14! 8571-3 55 a1] 1250]-0 8 36) 1825 
-3 37 14, rth!+o0 g 31] 1067 |-3 37 14: 115; +0 g 31' 1067 
“ apele,|/+1 2 4g) 1779 . +4 49 34 1252 '-0 36 24: 1969 ,+3 10 a4) 1459 
“ node, ; -o 18 191 1976 } +3 23 a6; 1162 [1 57 32) 2714; +4 49 13: 1468 
To complete the view of the planetary motions, and the statement of 
the elements requisite for ascertaining their position in the sky, it only 
remains to give tlre movement in latitude of cach, its deviation from the 
general planctary path of the ecliptic. This is done in the concluding 
verses.of the chapter. 


__ 68. The moon is, by its node, caused to deviate from the limit of 
«ie declination (krdntz), northward and southward, to a distance, 
whén greatest, of an eightieth part of the minutes of a circle; 
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69. Jupiter, to the ninth part-of that multiplied by two; 
Mars, to the same amount multiplied by three; Mercury, Venus, 
“and Saturn are oY their nodes caused to deviate to the same 
amount multiplied by four. 

70. So also, twenty-seven, nine, twelve, six, twelve, and twelve, 
multiplied respectively by ten, give the number of minutes of 
mean latitude (vitshepa) of the moon and the rest, in their order. 


The doviation of the plancts from the plane of the ecliptic is here 


stated in two different ways, which give, however, the same results; 
thus: 


600! 
Moon, —— = 270! or 27' X 10 = 270’ = 4° 30’ 
oO’ 
Mars, 3 xa = go’ or y X 19 = go! = 1° 30 
' 
Mercury, — Mm 4 = 1287 or 12’ % rm == 120’ = 2? 
70 
Jupiter, —--xX%2= 60! or fy ro = «fu = 1° 
270! 
Venus, i oe 120! or 12’ 10 == 120% == 2° 
270 
Saturn, or xX § = 120' or 12’ % 10 == 520’ = 2° 


The subject of the latitude of the planets is completed in verses 6-8, 
and verse 57, of the following chapter; the former passage describes 
the manner, and indivates the direction, iv which the node produces its 
disturbing effect; the latter gives the rule for calculating the apparent 
latitude of a planet at any point in its revolution. 

There is # little diserepaney between the two specifications presentéd 
in these verses, as regards the deseription of the quantities specified : 
the one states them to be the amounts of greatest ( parama) deviation 
from the ecliptic; the other, of mean (madhya) deviation, Both de- 
scriptions are also somewhat inaccurate. The tirst is correct only with 
reference to the moon, and the two terms require to be combined, in 
order to be made applicable to the other planets. The moon has its 
greatest latitude at 90° from its node, and this latitude is obviously 
equal’ to the inclination of its orbit tu the ecliptic; for although its 
absolute distance from the ecliptic at this point of its course varies, as 
does its distance from the earth, on account of the eccentricity of its 
orbit, and the varying relation of the line of its apsides to that, of its 
nodes, its angular distance remains unchanged. So, to a: observer sta- 
tioned at the sun, the greatest latitude of any one of the primary plancts 
would be the same in its successive revolutions from nede to node, 
and cqual to the inclination of its orbit. Bnet its greatest latitude as 
seen from the earth is very different in different ‘Tevolutions, buth on 
gccount of the difference of its absolute distance from the ecliptic 
when at the point of yrentest removal from it in the two*halvea of jta 
orbit, and, much more, on account of its varying distance from the Ne 
The former of these two causes of variation was not recognized by the 
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Hindus: in this treatise, at least, tho distance of the node from the 
apsis (mandocea) is not introduced as an element into the proccss for 
determining a planet's latitude. The other canse of variation is duly 
allowed for (see below, ii, 57). Its effect, in the case of the three supe- 
rior planets, is to make their greatest latitude sometimes greater, and 
somtimes lew, than the inclination of their orbits, according os the 
planet is wearer to us than to the sun, or tho contrary; hence the values 
given in the text for Mars, Jupiter, aud Saturn, as they represent the 
mean apparent values, as latitude, of the wreatest distance of each planet 
from the ecliptic, should nearly equal the inclination. In the case of 
Mereury and Venus, also, the quantities stated are the mean of the differ- 
ont apparent values of the greatest heliveentriec latitude) but this mean 
is of conrse less, and for Mereury very much: lesa, than the inclination. 
Ptvlemy, in the elaborate discussion of the theary of the latitade con- 
tained in the thirteenth book of his Syntaxis, has deduced the actual 
inclination of the orbits of the two inferior planets: this the Tlindus do 
not seem to have attempted, 

We present below a comparative table of the inelinations of the 
orbits of the planets as determined by Ptolemy and by modern astrono- 
mers, with those of the Hindus, so far as given directly by the Sarya- 
Siddhanta., 


Inclination of the Orbits of the Plancts, according to Different Authorities. 


a eo — eee = ee 
. 





* Plauct. Slirya-Suldhunta: = Ptolemy. =; ~~ Moderns. | 
! Mercury, ee haste 7 7 o 8 
| Venus, ee es 3 3c . 3 ado 
| Mare, ; 8 3a 1 rr St § | 
| Jupiter, I 1 3o 1 18 qu ; 
| Saturn, | 2 2 Jo ' 2 29 2 | 
» Moon, 4 Jn 5 5 & Jo 


The verb in verses 68 and Gf, which we have translated “caused to 
deviate,” is re Ashipyeate, literally «is hurled away.” diajeciter ; from it is 
derived the term used in this treatise to signity celestial latitude, rvikshe- 
pa, “disjection.” The Windus measure the latitude, however, ax wo 
shall have occasion to notice more particnlarly hereafter, upon @ circle 
of declination, and not upon a secondary to the ecliptic. tn the words 
chosen to designate it Ix seen the iafluence of the theory of the. node's 
action, as stated ia the first verses of the next chapter. The forcible 
removal is from the point of declination (&réati, “ gait,” or apakrama, 
“withdrawal,” i. ¢., from the celestial equator) which the planet ought 
at the time to occupy. a 


a mee: 

The title given to this first Phapter (adhikara, “subject, heading”) is 
madhyonadhikara, which we have represented in the title by “mean 
motions of the planets,” although it would be more accurately rendered 
by “mean places of the planets ;" that is to say, the data and methods 

sesoquisite for axertaining their mean places. Now follows tho spashta- 
di tara, “chapter of the true, or corrected, places of the planets.” 


ry, 
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CHAPTER II. 
OF THE TRUE PLACES OF THE PLANETS. 


Oowrznrs :—~1-8, causes of the irregularities of the planetary motions; 4-5, disturb- 
ing influence of the apeis and conjunction; 6-8, of the node; 9-11, different 
degree of irregularity of the motion of the different planets; 12-13, different 
kinds of planetary motion; 14, purpose of this chapter; 15-16, rule for con- 
atructing the table of sines; 17-22, table of sines; 22-27, table of versed aines; 
28, inclination of the ecliptic, and rule for finding the declination of any point in 
it; 29-30, to find the sine and cosine of the anonaly; 81-32, to find, by interpo- 
lation, the sine or versed vine corresponding to any given are; 35, to find, in like 
manner, the arc corresponding to a given sine or versed sine; 34-37, dimensions 
of the epicycles of the plancts, 38, to find the true dimensions of the epicycle at 
any point in the orbit; 39, to find the equation of the aps, or uf the centre; 
40-42, to find the eguation of the conjunction, or the annual equation; 43-45, 
application of these equations in finding the true places of the different planets ; 
46, correction of the place of a planet for difference between mean and apparent 
solar tirac; 47-49, how to correct the daily motiou of the planets for the effect of 
the apsia; 50-51, the same for that of the conjunction, 51-55, retrogradation of 
the lesser plancts; 60, correctiyn of the place of the nude; 57-68, wo find the celes- 
tial latitude of a planct, and its declination as affected iy latitude; 59, to find the 
length of the day of any pliuet; Gv. to find the radius of the diqgnal circle; 
61-68, to find the day-sine, and the respective length of the day and ‘night ; 64, 
to find the number of a-terisms traversed by a planet, and of days elapsed, since 
the commencement of the current revolution: &5. to find the vega; 66, to find 
the current lunar day, and the time inai of a given instant: 67-09, of the divisions 
of the lunar month called Anrond. 


1. Forms of Time, of invisille shape, stationed in the zodiae 
(bhagaya), called the conjunetion (“azkrecca), apsis (mandocea), 
and node (pdtu), are causes of the motion of the planets, 

2. The planets, attached to these beings by cords of air, are 
drawn away by them, with the right and left hand, forward or 
backward, according to nearness, toward their own place. 

8. A wind, moreover, called prorector (pravaha) impels them 
toward their own apices (ecca); being drawn away forward and 
backward, they proceed by a varying motion. 

4. The so-called apex (uccu), when in the half-orbit in front of 
the planet, draws the planet forward: in ke manner, when in 
the half-orbit behind the planct, it draws it | ackward. 

5. When the planets, drawn away by their apices (ucca), move 
forward in their orbits, the amount of the motion so caused is 
called their excess (dhana); when they move backward, dt is 
ealled their deliciency (ra). 


In these verses is laid before us the Hindu theory of the genera 
nature of the forces which produce the irregularities of the apparent 
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motions, regarded as being+the real motions, of the planets. The world- 
wide difference between the spirit of the Hindu astronomy and that of 
the Greek‘is not less apparent here than in the manner oF preacntation 
of the elements in the last chapter: the one is purely scientific, devis- 
ing methods for representing and calculating the observed motions, and 
attempting nothing farther; the other is not content without fabricatin 
‘a fantastic and absurd theory respecting the superhuman powers which 
occasion the movements with which it is dealing. The Hindu method 
has this convenient peculiarity, that it absolves from all necessity of 
adapting the disturbing furces to one another, and makiug them form 
one consistent systeni, capable of geometrical representation and mathe- 
matical demonstration ; it regards the planets as actually moving in 
cirenlar orbits, and the whole apparatus of epicyeles, given later in 
the chapter, as only a device for estimating the amount of the force, 
and of its resulting motion, exerted at any given point by the disturb- 
Ing cause, 

The commentator gives two different explanations of the provector 
wind, spoken of in the third verse; one, that it is the gerieral current, 
mentioned below, in xii. 73, as impelling the whole firmament of stars, 
and which, though itself moving westward, drives the planets, in some 
“unexplained way, towards its own apex of motion, in the east; the 
other, that a separate vortex for each planet, called provector on account 
of its analogy with that general current, although uot moving in the 
same dirgstion, carrics them around in their orbits from west to cast, 
leaving only the irreyularitics of their motion to be produced, dy the 
disturbing forees. This latter we reyard as the proper ineaning of the 
text: neither is very consistent with the theory uf the lagging behind 
of the ‘planets, given above, in i. 25, 26, as the explanation of their 
apparent eastward motion. The commentary also states more explicitly 
the method of production of the disturbance: a cord of air, equal in 
length to the orbit of cach planet less the disk of the fatter itself, is 
attached to the extremities of its diameter, and passes through the two 
hands of the being stationed at. the pomt of disturbancc; and he always 
draws it toward himsclf by the shorter of the two parts of the cord. 
The term ucea, which we have translated “apex,” applies both to the 
apsis (manda, mandocca, “apex of slowest motion”—the apogee in the 
ease of the sun and moon, the aphelion, though not recogmzed as such, 
in the case of the other planets), and to the conjunction (gtghra, gigh- 
rocca, “apex of swiftest inotion”). The statement made of the like 
effect of the two upon the motion of the planet is liable to canse diff- 
culty, if it be not distinctly kept in mind that the Hindus understand 
by the influence of the disturbing cause, not its acceleration and retarda- 
tion of the raté of the planet's motion, but its effect in giving to the 
planet a position in advance of, or behind, its mean place. It may be 
well, for the suke of aiding some of our readers to forin a clearcr appre- 
hension of the Ilindu view of the planetary motions, to expand and 
illustrate a little this statement of the effect upon them of the two 
principal disturbing forces. we 
wom First, as a the apsis. This is the remoter extreuiity of the major 
s:is of the planet's proper orbit, and the point of its slowest motion. 
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Upon passing this point, the planet beging to fall behind its mean place, 
but at the same time to gain velocity, so that at the quadrature it is 
farthest behind, but is moving at its mean rate; during the next quul- 
rant it gains both in rate of motion and in place, until at the perigee, or 
perihelion, it is moving: most rapidly, and has made up what it before 
lost, so that the mean and true places coincide. Upon passing that point 
again, it gains upon its mean place during the first quadraut, and loses 
what it thus gained during the second, until mean and true place again 
coincide at the apsis. Thus the equation of motion is greatest at the 
apsides, and nothing at the quadratures, while the equation of place is 
greatest at the quadratures, and uothing at the apsides; and thus the 
planct is always behind its mean place while passing from the higher to 
the lower apsis, and always in advanee of it while passing from the 
lower to the higher; that is, it is constantly drawn away from its mean 
place toward the hither apsis, mandocea. 

In treating of the effect of the conjunction, the efahkeorca, we have to 
distinguish two kinds of casos. With Mercury aud Veins (see above, 
i. 20, 31, 32), the revajution ef the conjunetion tikes the place, in the 
Hindu system as in the Caeck, of that of the pirat itself, the conjune- 
tion being regarded as inaking the etreuit of the zediae inthe same 
time, and in the same dircetion, as the planet realiv revultes about the 
sun; While the mean place of these planets is always that of the sun 
itself. While, therefore, the conjunction is making the half-tour of the 
heavens castward from the son, the planet is makine its eastward clon- 
gation and returning to the sir again, beme ail (he time in advance 
of iis mean place, the sung when the corjanetion reaches a point in the 
heavens opposite to the sun. the planet isin its inferior coujnnetion, or 
atiis mean place; during the othec halt of the revolution of the con- 
Junction, when it is nearest the planet apou the western side the latter 
Ig Making and dosing its western clonyation, or is belind its mean plaer, 
Accordingly, as stated in the text, the planet is constantly drawn away 
from. its mean place, the sun, toward that side of the heavens in wloch 
the conjunction is. . 

Onee more, as concerns the superior planets. The revelutions as- 
signed to these by the Hindus are their true revolutions; their aean 
places are their mean heliocentric longitudes: snd the place of the eon- 
junetion (gighrocea) of cach ix the mean place of the sun. Since they 
move but slowly, as compared with the sun, if is their conjunetion 
which approaches, overtakes, and passes them. and net they the con- 
junction, Their time of slowest: motion is when i opposition with the 
sun; of swiftest, when in conjunction with lin: from opposition on to 
conjunetion, therefore, or while the sun is apy coaching them from be- 
hind, they are, with constantly increasing vel “ity of motion, all the 
while behind their mean places, or drawn away icom them in the direc- 
tion of the sun; but ne sooner has the sun overtaken and passed them, 
than they, leaving with their most rapid motion the point of oinei 
dence between mean and true place, ave at once tt advance, and con- 
tinue to be su gptil opposition is reached again: that ig to say, they 
are still drawtigaway from their mean place im the direction of then 
conjunction. 


7 
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_ The wérds used in verse 5 for “excess” and “ deficiency,” or for nadi- 
Se" sa equation, mean: literally “wealth” (dhana) and 
“de rna). 


6. In like manner, also, the node, Réhu, by its proper force, 
_ Causes the deviation in latitude (vikshepa) of the moon and tho 
other planets, northward snd southward, from their point of 
declination (apakram«). 

7. When in the half-orbit behind the planet, the nodo causes 
it to deviate northward; when in the half-orbit in front, it draws 
it away southward. 

&. In the case of Mercury and Venus, however, when the 
node is thus situated with regard to the conjunction (¢ighra), 
these two planets are caused to devinte in latitude, in the manner 
stated, by the attraction exercised by the node upon the con- 
junction. 


The name Rahu, by which tho ascending node is here designated, is 
properly mythological, and belongs to the monster in the heavens, which, 
by the ancient Hindus, as by more than one other people, was belioved 
to occasion tho eclipses of the sun and moon by attempting to devour 
them. The word which wo have translated “force” is ranhas, more 
propery “rapidity, violent motion :” in cmploying it here, the text evi- 

ently mtends to suggest an etvinology for réhu, as coming from the root 
rah or rank, “to rush on”: with this same root Weber (Lnid. Stud. i. 
272) has connected the group of words in whieh r@hu seems to belong. 
For the Hindu fable respecting Rabun, see Wilson’s Vishnu Purana, p. 72. 
The moon's descending nude was alse personified in a similar way, under 
the name of Ketu, but to this no reference is made in the present. treatise. 

The description of the effect of the nude upou the movement of the 
planet is to be understood, in a manner analogous with that of the effect 
of the apices in the next preceding passage, as referring to the direction 
. in which the planct is made to deviate from the ecliptic, aud not to that 

in which it is moving with reference to the ecliptiz, Irom the ascending 
node around to the desecnding, of course, or while the node is nearest to 
the planct from behind, tho latitude is norttern; in the other half of the 

revolution it is southern. 
., Foran explanation of some of the terms used licre, sce the note to the 
last passage of the preceding chapter. a 4 

As, in the case of Mercury «nd Venus, the revolution of the conjunc- 

tion takes the place of that of the planct itself in its orbit, it is Recessary, 
' in order to givegbe node its proper cifect, that it be made to cxereige 
its influence upon the planet throngh the conjunction. The commen- 
tator gives himself here not a little trouble, in the attempt to show why 
Mercury and Venus should in this respect constitute an exception to the 
general rule, but without being able to make out a very plausible cage. 


12 Owing the greatness of its orb, the sun jg drawn away 
@ely a very little; the moon, by reason of the smallness of its 
ov, is drawn away much more; 
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10. Mars and the rest, on account of their small sizexare, by 
the supernatural beings (ddivaia) called conjunction (¢ighrucen) 
and apsis (snandocca), drawn away very far, being caused to 
vacillate excecdingly. 

11. Hence the excess (dhana) and deficiency (rna) of these 
latter is very great, according to their rate of motion. Thus do 
the plancts, attracted by those beings, move in the firmament, 
carried on by the wind. 


The dimensions of the sun und inoon are stated below, in iv. 1; those 
of the other planets, in vil. 13. 

We have vertured to translate at/eegita, at the and of the tenth versa, 
as it is given above, because that translation seemed so inuch better to 
suit. the requirements of the sense than the bhetter-supported rendering 
“enused to move with exceeding velocity.” Tise doing, we have assumed 
that the noun rey, of which the word in question & a denominative, re- 
tains something of the proper meaning of the root ey, “to tremble,” 
from which it comes. 


12. The notion of the planets Ig of eight kinds: retrograde 
(vekra), somewhat retrocvind: (aaeekra), transverse (Auta), 
slow (acer), very slow Gaanmdatara), even (sit)? also, very 
swift (ciyhredira), and swilt (cryfard), 

13. Of these, the very swill (adeiyiae), that ealled swift, the 
slow, the verv slow, the even~--all these tive are forma of the 
motion called direet (cj); Uhe somewhat retrovrade 1s retrograde. 


This minute elasifiention of the phases or a planct’s motion is quite 
gratuiteus, 40 faras this Siddliuite is cougerned, for the terms here given 
do not enee oecur afterward incthe testo with the single exception of 
dukra, Which, with is derivatives. is in net auitedient use to designate 
retrowrulation, Ner docs the commentary tuke the trouble to explam 
the preetse iflerences of the Kinds of mvtion specitiel, Aecvording to 
Mr, Woisington (Oriental Astronomer [Tamil and English], dattna: 1848, 
p. 133), aeeeddre os appled tothe motion of a planer, when, m_ retro- 
grading. Ib passes infe a preeeding sign, From the classification given in 
the second of the two verses ito will be notieed that Avie is omitted! ae- 
cording to the comumentater, itis mennt te be included amene the forms 
of retrograde motion; we have conjectured, however, that it might possi- 
bly be used to designate: the motion of a phinet when, being for the 
moment-sbalionary in respect to longitude. and accordingly neither ad- 
vancing nor retrogradingy, it is changing its lavide, and we have trans- 
lated the word accordingly. ae 

1-4, By reason of this aud that rate of motion, from day to 
day, the plancts thus coine to an accordance with their observed 
places (drc)—this, their correction (sghudiharana), I shall care- 
fatly explain. 

‘Having now disposed of matters of general theory afd preliminary, 
explanation, the proper subject of this chapter, the caleulation of the true 
(sphuia) from the moan places of the different planets, is ready tu be 
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taken up, And the first thing in order is the table of sines, by means of 
which all the after calculations are performed. 


16. The eighth part of the minutes of a sign is called the first 
sine (jydrdha); that, increased by the remainder left after sub- 
tracting from it the quotient arising from dividing it by itself, is 
the second sinc. 

16. Thus, dividing the tabular sines in suceession by the first, 
and adding tv them, in each case, what is left afler subtracting 
the quotients rom the lirst, the result is twenty-four tabular 
sines (jyiedhaprnda), in order, as follows: 

Ly. Two hundred and twenty-five; four hundred and forty- 
nine; six hundred and seventv-one; eivht hundred and ninety ; 
vleven hundred and five: thirteen hundred and ‘tiftcen ; 

18. Fifteen hundred and twenty; seventeen hundred and nine- 
teen: nineteen hundred and ten; two thousand and nincty-three ; 

19. Two thousand two hundred and sixty-seven; two thous- 
and four hundred and thirty-one: two thousand five hundred 
and eighty-five: two theusind seven hundred and twenty-cight; 

20. ‘lwo thousand cieht hundred and fifty-nine ; two thousand 
nine hundred and seventy-cizht; three thousand and cighty- 
fonr; three thousand one hundred and seventy-seven ; 

21. Three thousand two hundred and tifty-six : three thonsand 
three hundred and twenty-one: three thousand three hundred 
and seventy-two: three thousand four hundred and nine; 

22. ‘Three thorsaud four hundred and thirty-one; three thous- 
and four linndred and thirty-eielu. Subtracting these, in re- 
verse order, from the halt-diamneter, vives the tabular versed- 
snes (utkramayirdiapindakay : 

23. Seven: twenty-nine: siaty-six; one hundred amd seven- 
teen; one hundred and eighty-two; two hundred and sixty-one; 
three hundred and fifty-four ; 

24. Four bundred and sixty; five hundred and seveuty-nitne ; 
seven hiuuidred and ten; eight hundred and fifty-three: one 
thousand aml seven; eleven hundred and seventy-one ; 

25. Thirteen hundred and forty-five; difteen hundred and 
twenty-eiglit: seventeen hundred and nineteen; nineteen hund- 
red and eighteen ; : | 

26. ‘T'wo thousand one hundred and twenty-three; two thous- 
aud three hundred and thirty-three; two thousand five hundred 
and forty-eight; two thousand seven hundred and sixty-seven ; 

27. ‘Iwo thousand nine hundred and eighty-nine; three thous- 
and two liindred and thirteen; threc thousand four hundred and 
thirty<ivht: these are the versed sines kt. 


We first present, in tha fullowing table, in a form convenient for refer- 
gpc% and use, tie Hindu sines and versed sines, with the arcs to which 
they belong, tle latter expressed both in minutes and in cegrees and 
minutes. ‘To facilitate the practical use of the table in making calcula- 
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tions after the Hindu method, we have added a column of the differences 
of the sines, and have farther turned the sines themselves into decimal 
parts of the radius. For the purpose of illustrating the accuracy of the 
table, we have also annexed the true values of the sines, in minutes, as 
found by our modern tables. Comparison may also be made of the deci- 

. mal column with the corresponding values given in our ordinary tables 
of natural sines, 


Table of Sines and Versed Sines. 
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The rule by which the sines are, in the text, directed to be found, may - 
be illustrated as follows. Lut x, 8’, 37, 6°", 8”, ete., represent the succes- 
sive sines, The first of the serics, 4, is assumed to be equal to its are, or 
225', from which quantity, as is shown in the table above, it differs only 
‘by an amount much smaller than the table takes any aogonnt of. Then 
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and sq.6n, through the whole series, any fraction larger than a half being 

ofited as onc, and a smaller fraction being rejected. In tho majority of 
cases, as is made evident by the table, this process yields corroct results : 
we have marked in the eolumn of “ true sines” with a plus or minus sign 
such modern values of the sines as differ by more than half a minute 
from those assiened by tho Hindu table. 

It is not to be supposed, however, that the Hindu sines were originally 
obtained by the process deseribed in the text. That process was, in all 
probability, sugeested by observing the suecessive differences in the values 
of tho sings as already determined by other methods. Nor is it difficult 
to discover what were those methods; they are indicated by the limita- 
tion of the table to ares differing from) one another by 3° 45’, and by 
what we know in general of the trigonemetrical methods of the Hindus. 
The two maiu principles, by the aid of which the greater portion of all 
the Hindu calculations are made, are. on the one hand, the equality of the 
square of the hypothenuse in a rieht-aneled triangle to the sum of the 
aquares of the other two sides, and, on the other fiand, the proportional 
relation of the corresponding parts of similar triangles, The first of these 
principles wave the Jlindus the sine of the complement of any are of 
which the sine was already known, it being equal to (he square root of 
the differenes between the squares of radins and of the given sine, This 
Jed farther to the rule for Guding the versed sine. which is given above in 
the text: it was pjainly equal to the difference between dhe sina eomple- 
ment and radius. Avain, the comparison of similar triangles showed that 
the chord of an are was a mean proportional between its versed sine and 
the diameter: and this led) toa method of finding the sine of half any 
are of Which the sine was kuowh: i owas cqtal to ladf the square rot 
of the produet of the dtuncter ints the versed sine. That the UTindtus 
had deduced this Ia-t rule docs not direetly appear tron the text of this 
Siddbanta, nor from the commentary of Ranganatha, whieh is the one 
given by gurimanuseript and by (lee published edition; Int it is distinetly 
stated in the comiuventary which Diasis had in his hands (As. Res. ii, 247); 
and it might be confidently assumed to be koewr upon the evidence of 
the table itself; fur the principies sav] rales which we have here stated 
would yive a table just euch as the ene here constructed, ‘The sine 
of 90° was obviously equal to radius, aie the sine of 307 to half radius: 
fromthe first could Ine found the sixes of 447, 22? 80%, mad 31? 157; 
from the latter, thes of 15%, 7° 30’, and # £9". The sines thus ob- 
tained would give those of the compleinentary ares, or of 86° 157, 82° 
30’, 78° 45’, 75°, ete: and the sing of 75%, avain, would vive those of 
37° 30’ and 14° 45’. By continuing the same processes, the table of sinus 
would soon he made coinplete for the twenty-tour divisions uf the quad- 
rant; but these processes could yicld nothing farther, uuless by intro- 
ducing fractions of minutes; which was undesirallepbecause the syinmetry 
of the table would thus be destroyed, and no correspohding sdvantage 
gamed; the table way already sulliciently extended to furnish, by inter- 
polation, the sines intermediate between those piven, with all the accu- 
racy which4the Hindu caleulations required. 
~ If, now, an attempt were made to ascertain a law of progression for 
the serics, and to devise an empirical rule by which its members might 
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be developed, the one from the other, tn order, nothing. could he more 
natural than to take the differences of the successive sines, and the diffjr- 


ences of those differences, as we have given them under the headings 4’ 
and A” in the annexed table. 


Hindu Sines, with their First and Second Differences. 
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With theso differences before him, an acute observer could hardly fail 
to notice the remarkable fact that the differences of the second order in- 
crease #8 the sines: and that each, iu fact, is about the »4.th part of the 
corresponding sine, Now let the successive aines be represented by 0, g, 
47,88 and so ont and let q equal y£., or) > let the first differ- - 
ences be d==s—0, d's’ —8, dees —s', f'Uoy"'’ —8"", ete. The sec- 
ond differenees will be: —&y = dd, sy =U", - 3g =a". a", 
etc. These last expressions give 
do ad ~—sy =3— 5 
d'' =" — 8'y = 3 — 39 — 8'g 
Cs f= a!" am ay — 8'y — 8°'y, ete. 

Hence, also, 5: ee ; 
ao ss ted’ =s +8- ay 
a ss’ el" a’ +k — 8 — 87 
ag d's 8"? 8 — 3 — 3° — 8''9, 

and so on, according to the rule given in the text. 

That the second ditferences in the values of the siues were proportional 
to the sincs themselves, was probably known to the Hindus ouly by ob- 
servation. Had their trigonometry sufficed to demonstrate it, they might 
easily have constructed a uch more coinplete and accurate table of 
sines. We add the demonstration viven by Delan bre (Histoire de ’As- 
tronomie Ancienne, sgf52), from whom the views here expressed have, 
been substantially taken. - 

Let a be any are in the series, and put 3° 43’ ==. Then sin (a—n), 
ein a; gin (2+ 2), will bo three successive terms in the series: sin 
a—sin (4x), and sin (4 + %)—sin a, will be ditlerences,of the first 
order; and their difference, sin (a + %) -- sin (a —n) — 2sin a, wil! 
be a difference of the second order. But this last expresion, by virtue 
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of the formula FR sin (a= n) = sing cosn + cosa sin ®, reduces to 


'sin « cos n-— R— 2sina, or 2 —- 1} sina. That is to say, the 


second difference is equal to the product of the sine of the arc a into a 
certain constant «uantity, or it varies as the sine. When equals 3° 45’, 
asin the Hindu table, it is easy to show, upon working out the last ¢x- 
pression by means of the tavles, that the constant factor is, as stated hy 
Delambre, 3 34-<. instead of bemg 335, as empirically determined hy 
the Hindus. 

It deserves to be noticed, that the commentary of Rangandtha recog- 
nizes the dependence of the rule given iu the text upon the value of the 
second differences. According to him, however, it is by describing a 
eirele upon the ground, laying off the ares, drawing the sines, and deter- 
mining their relations by inspection, that the method is obtained. The 
ditferences of the sines, he says, will, be observed to deerease, while the 
differences of those ditferences increase > und it will be noticed that the 
last second difference is 15’ 167° 487". A proportion ix then made: if at 
the radius the second difference is of this value, what will it be at any 
sine? or, taking the first sine as an example, 34387 215’ 16" 487": : 228 
:1. Nothing can be clearer, however, than that this pretended result of 
inspection is ono of ecalewation merely. It would be utterly impossible 
to estimate by the eve the value of a ditference with such accuracy, and, 
were it possible, that difference would be tound very considerably removed 
from the one here given, being actually only about 14! 45". The value 
15’ 16748" is usanmed only in order to make its ratio to the radins 
exactly +4.. 

The earliest substitution of the sines, in calculation, for the eheids, 
which were employed by the Grecks, is generally attributed (see Whewell’s 
History of the Inductive Sciences, 13, IL. ch. iv. 8) to the Arab astron- 
omer Albategnius (al-Rattani), who flourished in the latter part of the 
ninth century of our era. It can hardly admit of question, however, 
that sines hal already at that tine heen long employed by the Lindus, 
Aud considering the derivation by the Arabs trom India of their system 
of notation, and uf sv inany of the clemems of their mathematical 
science, It would seem net unlikeiv that the arse liut of this so eonyeni- 
ent and practical improverucut of the methods of caleulatiun may also 
have come to them from that country. ‘This cannot be asseried, however, 
with much confidence, because the substitution of the sines for the chords. 
seems 40 natural and easy, that ic may well enough have been hit upon 
independently by the Arabs; it is a matter for astonishment, as remarked 
by Delambre (Elistoire de lAstronumic du Moyen Age, p. 12), that 
Ptolemy himself, who came so near it, should have failed of i. = Ii 
Albategnius got the suggestion from India, he, at any rate, got no more 
than that. Lis table of sines, much more a eet than that of the 
Hindus, was made from Ptolemy's table of chords, by simply halving them. 
The: method, too, whigh in India remained comparatively barren, led to 
valuable developments in the hands of the Arab mathematicians, who 
went on bydegrees to form also tables of tangents and co-tanyents, secants 
and*co-secants; while the Hindus do not seem to have distinctly appreci- 
ated the significance cven of the cosine. 
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‘In this passage, the sine is called jydrdha, “half-chord;” héreafter, 
however, that term does not ouce occur, but jy “ chord ” (literally ach 
string”) is itself employed, as are also its synonyms jtvd, madurvikd, to 
denote the sine. The usage of Albategnius is the same. The sines of the 
table are called pinda, or yydépinda, “the quantity corresponding to the 
sine.” The term used for versed sine, e(kramajyd, means “ inverse-order 
sine,” the column of versed sines being found by subtracting that of 
ainea in inverse order from radius. 

The ratio of the diameter tu the circumference involved in the expres- 
sion of the value of radius by 3438’ is, as remarked above (under i. 59, 
GO), 1: 3.14186. The commentator asserts that value to come from the 
ratio 1250 : 3927, or 1: 3.1416, and it is, in fact, the nearest whole num- 
ber to the result given by that ratio. If the ratio were adopted which 
has been stated above (in i. 50), of 1:/10, the value of radius would be 
only 3415’. It is to be observed with regard to this latter ratio, that it 
could not possibly be the direct result of any actual process adopted for 
ascertaining the value of the diameter from that of the circumference, or 
the contrary. It was probably fixed upon by the Hindus because at 
looked and sounded well, and was at the same time a sufficiently near 
approximation to the truth to be applied in cuses where exactness was 
neither attainable by their methods, nur of much practical cohsequonegs 
as in fixing the dimensions of the earth, and uf the planetary orbits. 
The nature of the system of notation of ths Hindus, and their constantly 
recurring extraction of square roots in their trigouumetrival processes, 
would cause the suggestion to them, much more naturally than to the 
Greeks, of this artificial rativ. as not far from the truth; and their science 
was just of that character to choose fur some uses is relation expressed iu 
& manner so simple, and of an aspect so systematical, even though known 
to be inaccurate. Wedo not regard the ratio in question, although so 
generally adopted among the Hindu astronomers, as having any higher 
value and significance than this. 


- 28. The sinc of greatest declination is thirteen hundred and 
ninety-scven; by this multiply any sinc, and divide by radius; - 
the arc correspouding to the result is said to be the declination. 


The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to he 24°, 1297" being the sine uf that. angle. 
The true inclination in the year 300 of our cra, which we may assume 
to have been not far from the time when the [Lindu astronomy was 
established, was a little less than 28° 40/, so that the error of the Hindu 
determination was then more than 20/: at present, it is 32/34” The 
value assigned by Ptolemy (Syntaxis. 1) to the inclination was between 
23° 50! and 23° 42/30"; an error, as compared w th its true value in 
the time of Hipparchus. of only about 74. 

The second half of the verse gives, in the usual vagae atid elliptigal 
language of the treatise, the rule for finding the declination of any given“ 
point in the ecliptic. We have not in this case supplied the ellipeps in 
our translation, because it could not be done succinetlyy or without 
Introducing au clement, that of the precession, which possibly was nut 
taken inte account when the rule was made. See what is said upon this 


we 
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nupect under verses 9 and 10 of the next chapter. The “sine” em- 
pls¥Fed is, of course, the sine of the distance from the vernal equinoy, or 
of the longitude as corrected by the precession. 

' The annexed figare will explain the rule, and the method of its 
demonstration. 

Let ACE represent a quadrant of the plane of the equatorial, and 
ACG a quadrant of that of the ecliptic, AC being the line of their 
intersection: then A P is the equinoctial colure, PE the solstitial, (: K, 
or the angle GC E, the inelivation of the ecliptic, or the greatest decli- 
nation (paramdpakrama, or paramakrinti), and GY) its sine ( parama- 
krdntiyyd), Let S be the position of the sun, and draw the circle of 
declination PTL; SHI, or the angle 7 
SCH, is the declination of the sun Fig. 1. 
at that point, and SF the sine of 
declination (krdntijyd). From S and 
F draw SB and F B at right angles 
to AC; then SB is the sine of the 

“AS, or of the sun's longitude. 
Bat GCD and SBF are similar 
Spht-angle triangles, having their 
: glee at C and Beach equal to the 
inclination. ‘Therefore CG Ds: 

GDxSh 
SB:SF: and SF=- ye 
that is, sin dec], = Bin oo lung. 

The same result is, by our modern 
methods, obtained directly from the formula in right-angled spherical 
trigonometry: sinc==sing sin(; or, in the triangle AS II, right-aagled 
at H, ain S D=sinSA sin SAI. 


29: Subtract the longitude of a planet from that of its apsis 

(msindocca); so also, subtract it from that of its conjunction 
(gighva); the remainder is ita anomaly (kendra); from that is 
found :the quadrant (pada); from ti:is, the base-sine (bhujayyd), 
and ‘likewise that of the perpendicuiar (/7fi). 
. “30. In an odd (vishama) quadrant, the base-sine is taken from 
the part past, the ee from that to come; but in an 
even: (ytyma) q nt, the base-sine (ldkujyd) is taken from 
the part to come, and the perpendicular-sine from that past. 


2 The distance of a planet from either of its two apices of motion, or 





‘eentges of disturbance, is called its kendra ; according to’the comment- 
‘airy, ite distance from the apsis (mandocca) is calle] mandakendra, and 
Aint froui the conjunction ) is called gighrakendra : the Sirya- 


Siddhénta, however, nowhere has occasion to employ these terms. The 
former of the two corresponds to what in modern astronomy is called 
the anomaly, the latter to what is known as the commutation. The 
word, kendra js not of Sanskrit origin, but is the Grock xé»tgov ; it is a 
circumstance no less significant to meet with a Greek word thus at the 
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very foundation of the method of calculating the true place of a planct 
by menus of a system of epicycles, than to find one, as noticed abiqve 






(under i. 52), at the base of the theury of planetary regency ao which 
depend the names and succession of the days of the Both 
anomaly and commutation, it will be uoticed, are, accof@mg to this 


treatise, to be reckoned ulwaya forward from the planet to its apsis and 
coujunction respectively ; excepting that, in the case of Mercury and 
Venus, owing to the exchange with regard to those planets of the place 
of the planet itself with that of its conjunction, the commutation is 
really reckoned the other way. The functions of any are being the 
same with those of its neyvative, it makes no difference, of course, 
whether the distance is measured from the plunct to the apex (ucea), or 
from the apex to the planet. 

The quantities actually made use of in the calculatious which are to 
follow are the sine and cosine of the anomaly, or of the commutation. 
The terms employed in the text require a little explanation. Bhuja 
means “arm ;” it is coustantly applied, as are its synonyms bé@hu and 
dos, to designate the base of a rivht-angled triangle; Acti is properly 
“aq recurved extremity,” und, as used to signify the perpendicular in 
such a triangle, is conceived of as being the end of the bhujy, or base, 
bent up to an upright position: blkijajyd and kotiyd, then, are literal 
the values, as sinea, of the base and perpendicular of a right-angled 
triangle of which the hypothenuse is made radius: owihg to the relation 
to one another of the oblique anules of such a triangle, they are reé- 
spectively a. sine and cosine, We have not been willing to employ 
these latter terms in translating thei, bevause, as before remarked, the 
Hindus do not seem to have conceived of th: cosme, the sine of the 
complement, of an arc, as being a tinction of the are itself, 

To find the sine and cosine of the planet’s distance from either of its 
apices (ucea) is accordingly the Fig. 2. 
object of the directions yviven in 
verse 30 and the latrer part of 
the preceding verse, The rule 
itself is only the awkward TLindu 
method of stating the finniliar 
truth that the sine and cosine of 
an are and of its supplement are 
equal. The aecompanving figure 
will, i¢ is believed, Wlustrate the 
Hindu manner of looking at the 
subject, Let P be the place of a 
planet, and divide its orbit into 
the four quadrants PQ, QR, RS, 
and SP: the first and third of 
these are called the ou (vtshama) 7 
ees the second and fourth, = | 
the even (yugma) quadrants, Let A, B,C, and D, be four positions f 
the apsis (or of the conjunction); then the ares PAL P QB, PQRG, | 
PQRS DV will be the values of the anomaly in each’ case. AM, the’: 
base-sine, or sine of anomaly, when the apsis is int the first quadrant, is 





roa a 
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determined by the arc AP, the arc passed oper in: ing the atiom- 
aly; while AG or EM, the perpendicular-sine, or cositie, is taken from 


the arc AQ, the remaining part of the quadrant. The same is true in 


the other a quadrant, RS; the sine CII, or EL, comes trom RC, 
the part of "the quadrant between the planet and the apsis; the cosine 
CI. is from its complement. But‘in the even quadrants, QR and SP, 
the case is reversed; the sines, BI, or E}, and 1) M, are.determined by 
the arcs BR and JDP, tho parts of the quadrant not included in the 
anomaly, and the cosines, B Ff and KD, or 15 M, correspond to the other 
portions of each quadrant respectively. 

This process, of finding what portion of any arc greater than a quad- 
rant isto be employed in detennining its sine, is ordinarily called in 
Hindu calculations “taking the bAuje of an are.” 


31. Divide the minutes contained in any are by two hundred 
and twenty-five; the quotient is the number of the preceding 
tabular sine (jydpindaka). Multiply the remainder by thé differ- 
ence of the preceding and following tabular sines, and divide 

¥ two hundred and twenty-five; 
=, 82. The quotient thus obtained add to the tabular sine called 
ie preceding; the result is the required sine. The same method 
is prescribed also with respect to the versed sines, 

33. Subtract froin any given sine the next Jess tabular sine; 
multiply the remainder by two lundred and twenty-five, and 
divide by the difference between the next less and uext greater 
tabular smes; add the quoticnt tu the product of thia'asrial num- 

. ber of the next less sine into two hundred and twenty-five: the 
“result is the required ure. 


The table of sines anil versed sines gives only those belonging t6 arcs 
whieh are multiples of 3° 45’; the first two verses of this passage’ state 
the method of fl 
of any intermediate are; while the third verse vives the rule for the 

' gontrary process, fur converting any piven sinc or versed sine in the 
same manner into the corresponding are. 

In illustration of the first rule, let us aaertain the sine correspanding 
to an are of 24°, or 1440/, Upon dividing the latter number by.226, 

«,we obtain the quotient 6, and the remainder 90’. Tris preliminary step 







‘4a neceseary, because the Hindu table is not regarded as containihg- any’. 


deaignation of the ares to which the sincs belong, but us compdged 
simply of the sincs themscives in their order. The sine corresponding 
fo the uotient obtained, or the sixth, is 1316’: the difference between 
St and the next following sine is 205’, Now a proportion is made: if, 
.at this point in the quadrant, an addition of 225’ fo the are canses an 
‘Increase in the sine of 205’, what increase will be caused by an addition 
to the are of 90’: that is to say, 225: 205 :: 90:82. Upon adding the 
result, 82’, to the sixth sine, the amount, 1397’, is the sine of the given 
, arc, as stated ip.yerse 28. The actual value, it may be: remarked, of 
‘ the aae of 24°, is 1398/.26. 
.- Ti@other rule is the reverse of this, and does not require illastration. 


nding, by simple interpelation, the sine or versed sine’ 


nse). s _ > Tranalation and Notes. 61 


The extremé conciseness aimed at in the phraseology of the text, and 
not unfrequently-carried by it beyond the limit of distinctness, or even 
of intelligibility, is well illustrated by verse 33, which, literally trans- 
lated, reads thus: “having subtracted the sine, the remainder, multi- 
plied by 225, divided by its difference, having added to the product of 
the number and 225, it is called the arc.” In verse 31, alao, the 
important word “remainder” is not found in the text. 

rhe propet place for this passuge would seem to be immediately after 
the table of sines and versed sines: it is not easy to yee why verses 
28-30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come. 


84. The degrees of the sun's epicycle of the apsis (manda- 


paridhi) are fourtecn, of that of the moon, thirty-two, at the end 


of the even quadrants; and at the end of the odd quadrants, 
they are twenty minutes less for both. 

35. At the end of the even quadrants, they are seventy-five, 
thirty, thirty-three, twelve, forty-nine; at the odd (o/«) they gre 
seventy-two, twenty-eight, thirty-two, cleven, forty-cight, “cis » 

86. For Mars and the rest: further, the deurees of the one 
‘cycle of the conjunction (igkru) are, at the end of the even 

uadrants, two hundred and thirty-five, onc hundred and thirty- 
three, seventy, two hundred and sixty-two, thirty-nine ; 

87. At the end of the udd quadrants, they are stated to be 
two hundred and thirty-two, one undied and thirty-two, 
seventy-two, two hundred and sixty, and forty, as made use of 
in the calculation for the conjunction (righrekarman). 

88. Multiply the base-sine (bAvjujmi) by the difference of the 
epicycles at the odd and even «uadrants, and divide by radius 
(trijyd); the result, applic to the even epicycle (trlia), and 
additive (dhana) or subtractive (rua), according as this is less or 


‘greater than the odd, gives the corrected (sphufa) epicycle. 


s 


The corrections of the mean longitudes of the planets for the dis- 
turbing effect of the apsis (sandorca) and conjunction (gighroeea) of 
eath—that is to say, for the effect of the ellipticity of their orbits, and: 


(fer ‘that of the annual parallax, or of the motion of the earth in its 


‘orbit—are made in ILindu astronomy by the Ptolemaic method of: epi- 


* eycles, or secondary circles, upon the cireumference of which the planet 


is regarded as moving, while the centre of the emcycle revolves about 
the general centre of motion. The details of the ‘uethod, as appliedby 
the Hindus, will be made elcar by the figures and processes to be pre- 
sented a little later: in this passage we have only the dimensions of the 
epicycles assumed for each planct. For convenience of calculation, they 
are measured in degrees of the orbits of the plancts to which ther 

ally belong; hence only their relative dimensions, “as compared 
tho orbita, are given us. The data of the text belong to the.planets 
in the order in which these snccecd onc another as rogents of ‘th days 
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of the week, viz. Mars, Mercury, Jupiter, Venus, and Saturn (see 
above,’ under i. 51, 52). The annexed table gives the~ dimensions of 
the epicyeles, both their circumferences, which are presented directly 
by the text, aud their radii, which we have calculated after the method 
of this Siddhanta, assuming the radius of the orbit to be 3438. 


Dimensions of the Epicycles of the Planets. 





f Figicycle of the apsis : | Epicycle of the conjunction : 

, Planet. at eveqquadrant,| et odd quadrant, | at even quadrant, at odd quadrant, 
eire.' pad. | circ, } rad, j eire. : rad. circ, | rad. 

Sun, Fg! 38.20 7 199 ol 130.52 pe ceeeeee | eee d veeeees 
i Moon, { 3a° 1 305.60 | 31° du’: 3oa'.da | ...- fees eee een aercenen 
Mercury. | 30" | 286'.50 | 28% —; a67'fu | 133° | 1270!.15 | 13a° | 1260.60 
| Venus, | 12° | 114'.60 | wu’ ! 105.05 | 202° | 9502'.10 | 260° | 2483/.00 
; Mars, j 79° ' 716.25 | 72° 687'.60 | 235° | 2244.25 | 232° | 2915/60 
pzoptter, ; 33°)» 315'5 | 32° _ d05'.60 1 70° , 663'50 | 92° ' 689/60 
Saturn, | 49° © 467.95 | 48° 9: 458%.f0 | 39% = 359.45 | 40° ' 382/00 








“kgemarkable peculiarity of the Ilindu system is that the epicycles 
até sed to contract their dimensions as they leave the apsis or the 
+g Confinction reepuctively (cxeepting in the case of the epicyeles of the 
" @hjuuction of Jupiter and Saturn, which expand instead of contracting), 
becoming smallest at the quadrature, then ayain expanding till the lower 
apsis, or opposition, is reached. and deerensing and increasing in like 
manner in the other half of the orbit; the rate of increase and dinimt- 
tion being as the sine of the distance from the apsis. or coujunetion. 
ILence the rule in verse 38, for finding the true dimensions of the epi- 
,, eyele at any point in the orbit, Lt ix founded upon the simple propor- 
:-fiom: as radius, the sine of the distanee at which the diminution (or 
* increase) is greatest, is to the mmount of dimiumution (or of increase) at 
that point, so is the sine of the viven distance to the correspondin 
diminution (or increase); the application of th: correction thus btained 
to the dimensions of the epievele at the apsis, or conjunction, tives the 
true epicycle. 
We shal} revert farther on to the subj et of this change in the dimen- 
sions of the epicyele. 
The term employed to denote the epicvele, paridhi, means simply 
“ circumference,” or “circle; ™ it is the sane which is used elsewhere in 
this treatise for the circumference of tl : carth, ete. Ina single instance, 
in verse 38, we have ertifa instead of paridht; its signification i the 
same, and its other uses are closely analogous to those of the more 
usual term. — 


89. By the corrected epicycle multiply the base-sine (bhujujyi) 

and perpendicular-sine (/otijy4) respectively, and divide by the 
number of degrees in a circle: then, the arc corresponding to 
the result from the hase-sine (bhujajydphala) is the equation of 
the apsis (manda phala), in minutes, etc. 


All the preliminary operations having been already performed, As is 
tue. process by which is ascertained ¢he equation of the apsi, or 
the‘smount by which a planet is, at any point in its revolution, drawn 
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away from its mean place by the disturbing influence of the apsis. In 
modern phraseolggy, it is called the first inequality, due to the ellipticity 
of the orbit; or, the equation of the centre. 

Figure 8, upon the next page, will serve to illustrate the method of 
the process. 

Lect AMM’P represent a part of the orbit of any planet, which is 
stipposed to be a true circle, having E, the earth, for its centre. Along 
this orbit the planct would move, in the direction indicated by the 
arrow, from A through M and M! to P, and so on, with an equable 
motion, were it not for the attraction of the beings situated at the apsis 
(mnanducea) and conjunction (¢ighrocea) respectively. The general mode 
of action of these beings has been explained ahove, under verses 1-5 
of this chapter: we have now to ascertain the amount of the disturb- 
ance produced by them at any given point in the planet’s revolution. 
The method devised is that of an epicyele, upon the circumference of 
which the planet revolves with an equable motion, while the centre of the 
epicycle traverses the orbit with a velucity equal tu that of the planet's 
mean motion, having always & position coincident with the mean place 
of the planet. At present, we have to du only with the epicyel which 
represents the disturbing effect of the apsis (mandocca). The period of 
the planct’s revolution about the centre of the epicvele is the time 
which it takes the latter to make the cireuit of the urbit from the apsis 
around to the apsis again, or the period of its aneimalistic revolution, 
This is almost precisely cqual to the periud of sidercal revolution in the 
case of all the planets excepting the moon, since theit apsides are re- 
garded by the Hindus us stativnary (sce above, under 1, 41-44); the 
moon's apsis, however, has a forward motion of more than 40° In a 
broke hence the qmoon’s anoinalictic revolution is very perceptibly. - 
onger than its sidereal, being 27d [oh pam, The ure of the epicy e 
traversed Ly the planet. at any mean point in ite revolution is aceard- * 
ingly always equal tothe are of the orbit: intercepted between that 
point and the apsis, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the apsis forward to the planet. Thus, in the 
figure, suppose A to be the place of the apsis (mandocca, the apogee of 
the sun and moon, the aphelion of the other planets), and P that of the 
opposite point (perigee, or perihelion; it has in this treatise no distiact- 
ive namne); and lvt M and M' be two mean positions of the planet, er 
actual positions of the centre of the epicycle; the lesser circles dravwp 
about these four points represent the epicycle: this 1s made, in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 
that. of Mars. Then, when the centre of the epicycle 1s at A, the 
planet's place in the epicycle is at a; as the coutre advances to M, M’, 
and P, the planet moves in the opposite directio +, to m, m’, and p,: 
arc a’m being equal to A M, a’ m’ to AM’, and a" ptoAP. It is av if, 
while the axis Ea revolves about E, the part of it Aa remained con- 
stant. in direction, parallel to EA, assuming the positions Mm, Al’ m’, 
and I’ p successively. The effcet of this combination of motions is to 
make the plauct virtually traverse the orbit indicated in the figure by 
the broken line, which is a circle of equal radius with the true orbit, 
but having its centre removed from FE, toward A, by a distance equal to 
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Aa, the radius of the epievele. This identity of the virtual orbit with 
an eccentric circle, of which the eccentricity is equal to the radius of 
-apicycle, was doubtless known to the Hindus, as to Ptolemy: the 
elm the third hook of his Syntaxis, demonstrates the equivalence of 
tlie Huppositions of an cpievele and an eccentric, and chvoses the latter 
to'represent the first inequality: the Hindus have preferred the other 
supposition, as Letter suited to their methods of calculation, and as ad- 
mitting a general similarity in the processes for the apsis and the con- 
junction. The Hindu theory, however, as remarked above (under vy. 
1-5 of this chapter). rejects the idea of the actual motion of the planet 
in the epirvele, or on the eccentric circle: the method is but a device 
for ascertaining the ¢ffect of the attractive foree of the being at the 
i. | Thus the planet really moves in the circle A M M’P, and if the 
‘Em, Em’ he drawn, mecting the orbit in o and o/, its actual place 
é"afd and o', when its mean place is at M and M’ respectively. To 
ascertain the value of the ares oM and o' M’, which are the amount of 
removal from the mean place, or the equation, is the ebject of the pro- 
prescribed hy the text. 

, Buppose the planet’s mean place to be M, its ean distance from the 
apsis being A M: it has traversed, as above explained, an equal are, a’m, 
in the --efgeycle. From M draw ME aud MF, and from m draw ma, 
# right angles to the lines upon which they respectively fall: then MB 
is the base-sine (bhujajyd), or the sine of mean anomaly, and M F, or its 
equal EB, is the perpendicular-<ine (kotgyd), or -c@athe, and mx and 
nM are correspouding sine and cosine in the epieycle. But as the rela- 
tion of the circumference of the orbit to that of the epicycle is known, 
and as all corresponding parts of two circles are to one another as their 
respective. circuinferences, the values of mn and nM are found by a 
proportion, as follows: aa 360° is to the number of degrees in the cir- 
cumferenée of the epicycle at M, so is MB ton, and EB to aM. 
Tlenet mn is called the “result from the base-sine” (bhujajydphala, or, 
more briefly, bhujuphale, or bdhuphala), and nM the “result from the 
rpendiculdr-sine” (kotijyaphala, or kotiphala): the latter of the. tigo, 
ewever, is not employed in the process for calculating the equatidg'of 
the aptis. Now, as the dimensions of. thagmeycle ms the apsis are in 
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4 
all cases smai},.#%8 % may 


pis the* tiie GF the-drc- eM, the - equatidy: thig 
Ipiimeely mede-and the conversion of mx, as sine, intd’ 
its corresponding SPS; gives the equation required. ©. 9°...) | °. 
Tho same éxplanation applies to the position of the planet at M’: a’ 
m’, the equivalent of AM M/, is here the arc of the epicycle traversed ; 







m! n', {te sine, is calculated from MB’, as before, and is assugped to ° 


equal o' 9’, the singe of the equation 0° M’.. 
To give a farther and ‘practical illustration of the’ process, we will 
proceed .to calculate the equation of the apsis for the moon, at the time 


for which her mean place has been found in the notes to the last chap- « 


ter, viz, the let of January, 1860, miduight, ut Washington. 





without’ considerable error be assumed to | ° 


aie 


Moon’s mean longitude, midnight, at Ujjayini (i. 53), I mt 3° 23! 2.47 
add the equation for difference of meridian (derinturapheala), ) P wy 
or for her motion between midnight at Uyj.and Wash. fi. 6u, O14, 3%) 
Moon's mean lonzitude at required! tae, * 11 20 59 1 
Longitude of moon's tpsis, midnight, at Ujjayini 1. 55), 190 9 4a 
add for difference of meridian, as aboye, i 34 So 
Longitude of moon's apsis at required time, 16 9 45 36 Ra 
deduct moon's mean longitude cil, 29), rn 20 59 sor 
Moon's mean anomaly (aeedehs vele, 10 18 46 15 


The anomaly beg reckoned forward on the orbit from the planet, 
the position thus toned fur the moon rehiive te the apsis ts, nearly 
enouch for purposes of dustration, represented fy Moin the fenre. By 
the rule piven above. in verse sie, the hasessine thbajay p7)-—sinece the, 
anomaly is in the fourth, aa even, suadrant-- is to le taken from ¢ 
part of the quadrant uet ineliied tuo the auemaly, or AMY the § 


pondicular-sine (Aofgud) is that corresponding: to its complement, or 


MD. That is to say: 


From the anomaly, rf 18° 46" 190/ 
deduct three quadrants, 9 -" 
remains the are 3), 118 66 15 
take this from a quiudranr, 3 


remains the arc AM,, Ton 33 45 
And by the method already illustrated under verses 3), 32, the aine 
corresponding to the latter are. whieh is the bise-sine (34 njajud), or the 
sine of mean anomaly, MB, is tound to be 226¢7: that from MD, whieh 
is MPF, or EL. the perpendicularsine (Aofgve\ or ¢ sive of wean 
anomaly, 1s 258.5, i 
The next. point is to find the true size of the epiesele at M. ° By 
verse 34, the contraction of ite cireumterence amounts at-D) to 20°; 
henee, aevording to the rule in verse 38, we iuake the proportion, sin 
AD:20?::sin A Me diminution at M: ar, 
a 3738: 905: 2206: 13 ; 
Peduciting from g2°. the circumferenve of the epicyele at A, the amount 
of dimination thus ascertained, we have 31° 47! ax its dimensions at M. 
* 9 
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Once more,-by verse 389, we make the proportion, cire, of orbit : cire, 
y. of epiogcle :: MB: mn; or, es 
es Rho? : 31° 4-":: 9966: 900 : 

The value, then, of wn, the result from the base-sine (bhujajydphala), 
ig 200’; which, as mn Js assumed to equal og, is the sine of the equa- 
‘tion. Reing less than 225/, its arc (see the table of sines, above) is of 

Nhe same value: 3° 20/, accordingly, is the moon's equation of the apsis 
(manda phate) at the siven time: the figure shows it to be subtractive 
(rag), as the rule m verse 45 also declares it. Hence, from the 


Moon's mean longitude, 118 9° 59! 
deduct the cquatiun, 3 90 
Monn's true longitude, 11 17 39 


We preseut below, ina briefer form. the results of a similar calcula- 
tion made for ihe sum, at the same tine. 





Sun's mean iongitudd@pidicht, at Ujjavini (i. 53), 88 19° 48' 9° 
- add for difference of meridian (i. 60, 61), ¥ 25 6 
Sun's mean lonciiwle at required tine, § 18 13°13 
‘Longitude of suns ap-i~ yi. 1. 2 17 17 24 
Sun's mean anoiaiy ii. 24+, 52a AU 
aubtract from two quadrants (i. 24, 4 
Are determining La-e-~ine, 55’ 4g!" 
Base-aine (ffojejurt), Bey! 
Dimensions of cpicyele (il. 681, OF he 
Resulé from hase-sine (Lh0pijuiphala), or sine of equation (ii. 39). a! 
Equation (winds pheade dos, _ +3! 
“Sun's tne longitude, "189 15! 


In making these calculations, we have neglected the seconds, rejecting 
the fraction of a minute. or counting 1t as a minute. according ad ib was 
~ Yess or greater than a half For, considering that this method 1s followed 
in the table of sinus, whieh fies ot Uke foundation af the whole process, 
and considering that ue sine of the ae in the epievele is assumed to be 
equal to that of the equation. it would evidently be a waste of labor, and 
an affectation of un exactness greater than the process contemplates, or 
than its peneral method renders practicable, to carry into secunds the data 
emyloyed. 

As stated below, in verse 43, the equation thus found is the only one 
reqnired in determining the true longitude of the sun and of the moon: 
in the case of the other planets, however, of which the apparent place is 
affected Ly the motion of the earth, a much longer and more complicated 

roeess is necessary, Of which the explanation commences with the next 
ollowing passage, . 

The Ptolemaic method of making the ealeulation of the equation of 
the centre forthe sun and moon is illustrated by the annexed re 
(Fig. 4). The pints E, A, M, a, m, and 0, correspond with those simi- 
larly marked imdthe last figure (Fig. 3). Thy, contterof the eccentric 
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circle is at ¢, and Ee, which equals A a, is the eccentricity, which is given.- 
Join em; the. adgle mea equals MEA, the mean anomaly, aud Eme 
equals M Eo, theequation. Extend 

me to d, where it meets Id, a per- Fig. 4. 

pendicular let fall upon it from E. 
Then, in the right-angled triangle 
Eed, the side Ee and the angles 
—since Ked equals mea—are 
given, to find the other sides, ed 
and dE. Add ed to em, the ra- 
dius; add the square of the sum 
to that of Ed; the square root 
of their sum is Em: then, in the 
right-angled triangle mEd, all 
the sides and the right angle are 
given, to find the angle Km ¢, tha 
equation. 

This process is equivalent to a transfer of the epidtel: from M to E; 
Ed becomes tho reanlt from the hase-sine (bAujajyaphala), and de that 
from the perpendicular sine (Aetjydphale), and the angle of the equation 
is found in the s:ime manner as ils sine, ¢¢. 18 found in the Hindu process. 
next to be explained: while, in uiat which we have been considering, Ed 
is asaumned tu be equal to er, 

Ptolemy also adds to the moon's orbit an epieyele, to account for her 
second inequality, the evection, the discovery ef which does him so mach 
honor. Of this ineguality the Hindus tke te netier, 





40. The result from the perpondieutar ine clefiphala) of the 
distance from the conpuuetion is to be cedbled te radius, when the 
distance (feu/rv) in inthe ballot besiuniney wilt Capricorngs 
but when in that beeinning with Canees, the result from the’ 
perpendicular-sine is ty he suvtracied 

41. ‘To the square of this sin or differenee add the square of 
the result from the base-ssine (alae): the sqnare root of 
their sum is the hypothenuse Grarae) called variable (cava). 
Multiply the result from the base-sine by mudius, aud divide by 
the variable hypothenuse : 

42. The are corresponding to the quotient 's. in minutes, ete., 
the equation of the conjunction (ediyirye zdday; itis employed 
‘n the first and in the fourth process of orreetion armun) for 
Mars anid the other plancts. 


The process preseribed by this passave is essent ily the same with {bat 
explained and illustrated under the preceding verse, the only difference 
being that here tho sine of the reunited cquaden, Instead of being 
asaumicd equal to that of the are traversed] by the pianet in’ the epicvele, 
is obtained by enleulation from it. The anuesed figure (Fig. 5) wii ex- 
hibjt. the method pursued. - 9 

o largor circle, CMM’, represents, as before, the orlit in which 
any one of the planeta,.as also the being at its conjynction (¢ighroece) are 
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‘making the circuit of the heavens abont E, the earth, as a centre, in the 
, direction indicated by the arrow, from C through M and N’ to O, and se 
on. But since, in every case, the conjunction moves more rapidly east-. 
ward than the planet, overtaking and passing it, if we suppose the con’ 
junction stationary at C, the virtual motion of the planet relative to that” 
point is backward. or from © through M’ and M to G, its mean rate of 
approach toward C being the ditierence between the mean motion of the 
planet and that of the sun. As before, the amount to which the planet. 
is drawn away from its mean place toward the conjunction is calculated 
by meaus of an cpicyele, The circles drawn in the figure to represent 
nthe epicycle are of the relative diincusions of that assigned to Mereury, 
“or a Httle more than haif that of Mar. The direction of the planet's 
motion in the epicycle is the reverse of that in the epiescle of the apsis, 
as regards the actual motion of the planct in its orbit, being eastward at 
the conjunction ; 23 regards the motion of the planet relative to the con- 
junction, it is the sgine as in the former case, being in the contrary direc- 
tion at the conjunction: its effect. of course. ia to incense the rate of the 
eastward movement at that point. The ume cf the planet's revolution 
about the centre of the epicycle is the interval between two successive 
pa: through the point C, the conjunction: that is to say, it is equal 
to the period of synodical revolution of cach planet. These site are, 


according to the elements presented in the text of this Siddhunta, as 
follows : oe 
Mercury, s15d0 ark fam 
+ enus, 583 a: 37 
: Mars, 79 42 1 
‘ ' Jupiter, 398 41° 20 
Ma Saturn, 378 a 44 


The are of the epicyets traversed by the planet, af any point in iteifevo- 

ttion. js equal to its distance from the copjungtion, when reckoned” for- 
“d from the plauct, according to the m@iiiaiaptescribed in verso 20. 
Py Soe 


“it 
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_ Suppose, now, the mean place of the planet, relative to its conjunction 
(righrecoa) at C, fo be at M: its place in the epicycle is at my as far from 
ce’, in either direction, as M from C. The arc of the epicycle already 
traversed is indicated in this figure, as in Fig. 8, by the heavier live. 
Draw Em, cutting the orbit ino; then o is the planet's. true‘plage, and 
oM ia the equation, or the amount of removal from the mean’ place :by 
the attraction of the being at C. 7 igh 2 
The sine and cosine of the distance from the conjunction,. the dimen- 
sions of the epicycle, and tlie value of the correspondents in the TT 
to the sine and cosine, arc fuund as in the preceding process, Adds M, 
the result from tho cosine (kolijydphala), to ME, the radius: the-result 
is the perpendicular, En, of the triangle Enm. To the square of En 
add that of the base nm, the result from the sine (bhujajydphala); the 


square root of the sum is the line Em, the hypothenuse: it*is termed the | 


variable hypothenuse (cala karna) from its constantly changing its 


length. We have now the two similar triangles Emn and & a 
comparison of the corresponding parts of which gives us the prop@ption 


Em:mn:i:KEo:og; that is to say, og, which is the sine of the equation 
oM, equals the product of Eo, the radius, into mx, the result from the 
base-sin«, divided by the variable hypothenuse, I! m. ; 

When the planet’s mean place is in the quadrant 1) 0, as at M’, the 
result from the perpendicular-sine (koliyydphala), or M'n', is subtracted 
from radius, and the remainder, Fx’, is emploved as before to find the 
‘value of Em’, the variable hypothenuse: and the comparison of the 
similar triang!-sy Em'n’ and Eo'9' gives o'g', the sine of the equation, 
o' M’. 

Tt is obvions that when the mean distance of a piinet from its conjunc= 
tion is Jess than a quadrant inetder cieetion, ast M, the base En is 
greater than radius; when that distamee is doe than a quadiaut, as at 
M’, the base Fa’ is dess thea radii: othe cosine is te be added to radins 
In the one ease, aud subtracted from itn the other, This is the mean- 
ing of the mle an verse 402 compare the notes tok S&S and i. 30, 

Jn illustration of the process, we will caleulate the equation of the 
conjunction of Mercury for the given tie, or for midmght preceding 
January Ist, RGU, at Washington, 

Since the Hindu system, like the Greek, interchanges in the case of the 
two inferion planets the medion and place of the planet. itself’ and of the 
aun, giving to the former as its mean motion that which is the mean 
apparent motion of the sun, and assigning to the conjunction (réghrocea) 
a revolution which is actually that of the planet in its orbit, the mean 
position of Mercury at the given time is that feand above (under y, 39) 
tobe that of the sun at the same time, while to fined that of its eonjune- 
tion we have to add the equation tor diflerence o meridian (egdntara- 
pkala, i. 60, 61), to the longitude given under i. 54 as that of the planet. 


Longitude of Mercury's conjunction (¢ighrocca), midnight, at Ujjayini, 4" 15° 13’ 8” 


add for ditforence of meridiau, 1 4414 
J de of conjunction at required time, ie "416 57 22 
Mean fenigitude of Mercury, 8 18 13 13 





v [eae 


Mean commutation (righrakiepeye:.: , = 7 38 44 9 


4 
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The position of Mercury with reference to the confection is accord- 
ingly very nearly that of M’, in Fig. 5, The aro which determines the’ 
base-sine (bhujajyd), or OM’, is 58° 44’, while M’ D, its complement, 
from which the perpendicular-sine (olijy4) is taken, is 81°16’. The 
corresponding sines, M’ B’ and M’ G, are 2088’ and 1784’ respectively. 

The epicycle of Mercury is one degree Jess at D than at 6. Hence 
the proportion 

3438 : 60 : : 2938 : 51 
gives 51’ as the diminution at M': the circumference of the epicyle at M, 
then, is 132° 9’. The two proportions 
360° : 132° 9/:: 2938: 1078, and 360°: 132° 9’:: 1784: 655, 

give us the value of m’n’ as 1078’, and that of n’M’ as 655’. The 
commutation being more than three and less than nine signs, or in the 
half-orbit beginning with Cancer, the fourth sign, n’M’1s to be sub- 
tracted from EM’, or radius, 3438’; the remainder, 2783’, is the perpen- 
dicular E 2’. 


To the square of En’, 7,749,089 
add the square of »’ 1,162,084 
of their sum, 8,907,173 
the equare root, 2984 


is the variable hypothenuse (cafe kurna), Em’. The comparison of tha: 
triangles Em‘n’ and Fo‘g’ gives the proportion Em’: m’n’::Eo!: fg’, or 
298.5: 1OeR 3438: 1242 

The value of o's’, the sine of the equation, is accordingly 1242’: the cor- 
responding arc, o’ M, is found by the process prescribed in verse 33 to be 
21°12’. ‘The ficure shuws the equation to be subtractive. 

The annexed table presents the results of the calculation of the equa- 
tion of the conjunction (cighrakarmun) tor the five planets. 


Reasulis of the First Process for finding the True Places of the Planets. 
Planet, Bioun _ Longitude of = Mean = Base) Corr, Keaalt Result /Va - Exuat’n| 


Longitad §$| Cunjunctiou, Commutation. sine. (Epicycit as lg plan yp. lof rh 


(Mercury, '8 18 13 13. 4 1657 22-7 28 44 9 29%: 132 g 1078; 655 '2984|-21 12 
| Venus, ‘8 18 13 310 21 4g 472 3 3634 308v, 260 13, 2226 | 1104 9058' +26 71 
\Mars, 5 24 30 57, 8 1613132 23 42 16,3416, 232 152202} 225 ‘A274i+31 1 
Jupiter, 2 26 2 14} 6 1813135 22 10 59 468) 70 16 gt} 66527744 1 53 
Saturn, |3 20 12 3 6 16 13 13, 426 1 sa:rBae 39 32: 300] 320 J124i+ 3 


ew ee 1 oome See eee wee owes ies = — = a eee ee ete cee oes | 





This is, however, only a first step in the whole operation for finding 
the true longitudes of these five planets, as is laid down:.in thé next 


- passage. Be ise 
42 The process of correction for the apsid (mdénda karmany is 
: p } 
“the only one required for the sun_snd moon; ;for Mars ‘and: 
: Other plantts are ptescribed that for the cénfanct® 
:tier-fof the apsis (ndnda), again that for tke apsid, ‘atid : 
“the conjunction—four, in successigngieataet 









et: 
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44, To the mean place of the planet apply half the equation 
of the con) unction (tghraphala), hkewise half the equation of the 
apsis; to the mean place of the planet apply the whole equation 
of the apsis (mandaphalu), and also that of the conjunction. 

45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsis, the cqua- 
tion is additive (dhanu) when the ‘listance (kendra) is in the half- 
orbit beginning with Aries; subtractive (rau), when in the half- 
orbit beginning with Libra. 


The rule contained in the last verse is a general cue, applying to all 
the processes of calculation of the cquations of place, and has already 
been anticipated by us above. Its meaning is, that when the anomaly, 
(mandakendra), or comniutation (¢gighrakendru), reckoned always forward 
from the planet to the apsia or conjunction, is less than six signs, the 
equation of place is additive; when the furmer is more than six signs, 
the equation is subtractive. The reason is made clear by the figures given 
above, and by the oxplauations under verses 1-5 of this chapter. 

It should have been mentioned above, under verse 20, where the word 
kendra, was first introduced, that, as ¢mpleyed in thiy sense by the Hin- 
dus, it properly significe the pusition (ee note to i. 53) of the “ centre” 
of the epicyele—which coincides with the mean place of the planet itself 
«relative to the apsis or conjunction respectively. In the text of the 
Strya-Siddhinta it is used only with this signification: the commentary 
employs it also to designate the centre of anv circle, 

Since the sun and moon have but a single inequality, according to the 
Hindu system, the calculation of their true places is siinple and easy. 
With the other planets the case is diff-rent, on account of the existence 
of two causes of disturbance in their orbits, and the consequent necessity 
both of applying two equations, and also of allowing for the effect of each 
cause in determining the equation due to the other. Tor, to the appre- 
- hension of the Hindu astronomer, it would not be proper to calculate the 
two equations from the mean place of the planet; nor, again, to calculate 
either of the two from the mean place. and, having applied it. to take 
the new position thus found as a basis from which to calculate the otber; 
since the planct is virtually drawn away from its mean place by tho 
divinity at either apex (ueca) before it is submitted to the action of the 
other. The method adopied in this Siddhanta of balancing the two- 
influences, and arriving at their joint effect upon the planet, is stated in 
verses 43 and 44, The phraseolory of the text is not entirely explicit, 
and would bear, if taken alone, a different interprvtation frum that which © 
the commentary*pats upon it, and which the rules t» be giveu later show. 
to be its.true mesning ; this is a5 follows: first calc late from the mean 
* place of the piaget the equation of the conjunction. aud apply the balf 
of ig¢“to thé mean place; from the position thus obtained calculate the 
equa@on of the apaia, and apply half of it to the longitude as alréad 
‘ on@iambitiated ; ‘from this result find once more the equation of the apsis, 
a original mean place of the planet; and finally, calog+ 
‘Epply. to, ‘this last place the whole giuation of the con- 
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> We have-ealculated -by this method the true places of: the five planets,” 
“and present the results of the processes in the-following tables. Those 
“of: the first process have been already given under the preceding prs- 
eaage? the application of half tho equations there found -to the meun 
longitude gives us the longitude once equated as » basis for the next 


“process. ‘ 
Results of the Second Process jor finding the True Places of the Planets. 
P  piccers  Equated | Tangitude | Equated 1 Buse- \Corrected! Equation | 

Planet. LUaqituie: \ of Apsin, | retaonhd é sine: Epieyele.. an Apale. 
ar ir re © ir er re er as oe SpE gy ke jot 
Mercury, Bo 7 32! 10 98 90,18 2 51! 1568 299 51-2 7 


Vena, (9 837.219 52 17] 5 18 35; G81 | a1 4814 0 29 
; Mars, (Gw pete 2 fet o ai vg jae agi ero 2 
| Jupiter, 2a) 59 5 91 22 1g) 2 af adi Ajan ! 0145 §! 

{ 


| 
32 
| Saturn, I |, 26 37 34| 44 37 | 2829 | 48 11 | + 6 20 


322 





Again, the application of half these equations to the longitudes as 
once equated furnishes the data for the third process. The longitudes of 
the apsides, heing the same as in the second operation, are not repeated 
in this table. 


Results of the Third Process for jinding the True Places of the Planets. 
we 


|Past eed | Atbomity | alae, i epepean, etinnee | 
Yn ae a a ee ee ey 
: o a | a e ’ ‘ © a 4 

; Merewy, 8 6 34, 1 3 54] th1a ag 7+ 2 2 | 
, Venus, ‘9 1 28) 5 18 24] Gor oir 48; +0 33 
' Mars, 6 5 atin: § 3! arf 699 33, -g 30: 
{ Jupiter, ~ ay 30° 9 vt Sat Bot Joo, 45 4! 
| Saturn, '3 95 ret 4 0 ar] ayia 4B og 46H 33, 


See er 2 ca cman 


The original mean longitudes are now corrected by the results of the 
third process, to obtain a position from which shall be once more ealeu- 
Jated the equation of the conjunction; and the arplication of this to the 
position which furnished it vields, a» a fina! result, the true place of each- 


planet. 


Results of the Fourth Process for fading the Tine Places of' the Planets. 





oS yunted ty, Result: Reaultiy uate | mn 
; { Equited : = spain Bare Corr 5 Variable) Equation Trap 1 
; Planet. I onzitude,; Comat laine. Epicye ten eine, |p nine. EyBoth | of Conj. | Longitads. ! 





tee ovt@ ae. foe ty Tn dae Seige 
‘Mercury, 8 16 11:8 0 463000 137) 8 


rar! G16} 3nag | -2r 20] 7 24 53 
‘Venus, 6 16 36.2 3 14 306g af 13 


2218 1518 : 5067 1 425 59] 9 14 35 





Mara, °5 15 1/3 3 19 {3432'232 0; 2212 124 | 3984 | +33 441 6 18 45 
Jupiter, :3 1 6.517 7! 766, 70 271 150; 656 | 2786 }43 813 gr 
waturn, 13 26 44! 4 a1 26 j2141, 39 37| -236' 296{ 3556} 4+ 417,44 2 2 
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~ We cangot furnish a comparison of the Hindy .determinatio ithe 
true places of the planets with their actual: positions as ascertaméd by 
our modern methods, until after the subject of the latitude has béen dealt 
qith: see below, under verses 56-68.0-7 de + ay a 


ret 5 Dhanalaton end Mem ag: 


. The Hindy method of flndi true longitudes of the fire planets 
whose apparent position is affected. the renalax the earth's mation 
having thus been folly explained, we will proceed to indicate, as sue- 
cinctly as Sperone the way in which the same problem is solved by the 
great:Greek astronomer. The annexed figure (ie 6) will illustrate his 
method : it is taken from those presented in the Syntaxis, but with such 
modifications of form as to make it correspond with the gures ; 
ously given here: the conditions which it represents are only h et 
tc not according with the actual elements of any of the planetary 


orbits. 

‘Let E be the earth’s place, and let the circle ApC, described about 
E as « centre, represent the mean orbit of any planet, EA being the 
direction of ita line of apsides, and EC that of its conjunetion (gfghra), 

Fig. 6 called by Ptolemy the 

ee apogee of its epicycle, 

Let EX be the double 
eccentricity, or the 
equivalent to the ra- 
dius of the Hindu 
epicycle of the apsis; 
and let EX be bi- 
sected in Q. Then, 
as regards the influ- 
ence of the eccen- 
tricity of the orbit 
fa the place of the 
planet, the centre of 
equable angular mo- 

tion is at X, but the centre of equal distance is at Q: the planet virty- 
ally describes the circle A’ P, of which Q is the centre, but at the same 
rate as if it were moving equably upon the dotted circle, of which the 
centre is at X. The angle of mean anomaly, accordingly, which ia- 
creases proportionally to the time, is z X A’’, but P is the planet's place, 
PE A the truc anomaly, and EP X the equation of place. The value 
of EP X is obtained by a process analogous to that described abore, 
under verse 39 (pp. 66,67); EB and BX, and QD and DX, are 
first found; then DP, which, by subtracting DX, gives XP; XP 
added to BX gives BP; and from BP and BE is derived EP B, the 
equation required; subtract this from P XA, and the remainder is 
REA, the planet's true distance from the apsis. About P describe 
the epicycle of the conjunction, and draw the radius PT parallel. 
to EG: then T is the planet's place in the epicycle, p its apparent 
position in the mean orbit, and TEP the equaticn of the epicycle, or 
of the conjunction. In order to arrive at the va.ue of this equation, 
Ptolemy.-first finds that of S ER, the corresponding angle when the 
centre of the ecpicycle is placed. at R, at the mean distance ER, or 
ragins, from E: he then Fiminishes it by a complicated process, into 
ils of which. it is not necessary here to enter, and Which, as 
hé lf acknowledges, is not strictly accurate, but yields results suff- 
cidtitly near to the truth. The gpplication of the egbation thus oer 
Heinesen” "te a 
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$% the place of the planet as already once equated gives the final result 
fought for, its geocentric place. 
“= In the case of Mercury, Ptolemy introduces the additional supposition 
that the ceutre of equal distances, instead of being fixed at Q, revolves 

- §n g retrograde direction upon the circumference of a circle of which X 
§a the centre, and XQ the radius. 

After a thorough discussion of the observations npon which his data 

and his methods are founded, and a full exposition of the latter, Ptolemy 

roceeds himself to construct tables, which are included in the body of 
_ his work, from which the true places of the planets at any given time 
may be found by a brief and simple process. The MHindus are also ac- 
customed to employ such tables, althongh their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professing to 
be calculated according to the Sirya-Siddhinta, have been published 
by Bailly (Traité de !’Astr. Ind. et Or., p. 335, ete.), by Bentley (Hind. 
Ast., p. 219, etc.), by Warren (Kala Sankalita, Tables), by Mr. Hoising- 
ton (Oriental Astronomer, p. 61, cte.), and, for the sun and moon, by 
Davis (As. Res, ii. 255, 256). 

We are now ina condition to compare the planetary system of the 
Hindus with that of the Greeks, and to take note of the principal re- 
semblances and differences between thein. <And it is evident, in the first 
Ee that in all their grand features the two are essentially the same. 

oth alike analyze, with remarkable success, the irregularities of the 
apparent motions of the plancts into the two main elements of which 
they are made up, and both adopt the same method of representing and 
calculating thore irregularities. Both alike substitute eccentric circles 
for the true elliptic orbits of the planets. Both agree in assigning to 
‘Mercury and Venus the same mean orbit and motion as to the sun, and 
in: giving them epicycles which in fact correspond to their heliocentric 
orbits, making the centre of those epicycles, however, not the true, but 
the mean place of the sun, and also applying to the latter the correction 
due to the eccentricity of the orbit. oth transfer the centre of the 
orbits of the superior planets from the sun to the earth, and then assign 
to, each, as an epicycie, the earth's orbit; not, however, in the form of 
an ellipse, nor even of an eccentric, but in that of a true circle; and 
here, too, both make the place of the cantre of the epicyclo to depend 
upon the mean, instead of the true. place of the sun. The key to the 
whole system of the Greeks, and ine determining canse both of its nu- 
merous accordances with the actnal conditions of things in nature, and 
of its inaccuracics, is the principle, distinctly laid down and strictly ad- 
hered to by them, that the planetary movements are to be represented 
by a combination of equable circular motions alone, none other being 
deemed suited to the dignity and perfection of the heavenly bodies. By 

. the Hindus, this principle is nowhere expressly recognized, so far an we 
. a¥2 aware, as one of binding influence, and although their whole system, 
- no 4ess than that of the Greeks, seems in other respects inspired by it, 
“it is in gne point, as we shall note more particularly hercafter, dintingtl 

“abandoned and violated by them (see below, under vv. 50,51). We 
-¢annot but regard with the highest adtniration the acuteness and, in- 
— , the power of observation, analyais, and deduction of the-Grébks, 
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‘hat, hampered by false assumptions, and imperfectly provided with 


instruments, they were able to construct a science containing go much 
of truth, and serving asa secure basis for the improvements of after 
time ;,.whether we pay the same tribute to the genius of the Hindu will 
depend upon whether we consider him also, like all the rest of the world, 
to have becn the pupil of the Greck in astronomical science, or whether 
we shall believe him to have arrived independently at a system 
closely the counterpart of that of the West. ae 
The differences between the two systems are much less fundamental 
and important. The assumption of a centre of equal distance different 
from that of equal angular. motion—and, in the case of Mercury, itself 
also movable—ie unknown to the Llindus: this, however, appears to be 
an innovatiun introduced into the Greek system by Ptolemy, and uni- 
known betore his time; it was adopted by hiin, in spite of its seemin 
arbitrariness, becanse it gave him results according more nearly with his 
observations. The moon's evection, the discovery of Ptolemy, is equally 
wanting in the Uindu astronomy. As regards the combined application 
of the equations of the apsis and the conjunction, the two systems are 
likewise at variance. T’tolemy fullows the truer, as well as the simpler, 
method: he applies first the whole corre:tion for the eccentricity of the 
orbit, obtaining as a result, in the case of the superior planets, the 
lanet's true heliocentric place. and this le then corrects for the paral- 
ax of the earth's position. Tere, tou, ignurant as he was of the actual 
relation between the two equations, we may suppuse him to have been 
guide! by the better coincidence with observation of the results of his 
processes When thus conducted, The Hindus, on the other hand, not 
knowing to which af the two supernatural beings at the apsis and con- 
junction should be attributed the priority of intiuence, conceived thém 
to act simultanconsly, and adopted the method stated above, in verse 44, 
of obtaining an average place whenee their joint effect should be caleu- 
lated. This isthe only puint where they forsook the xeometrical method, 
and suffered their theory respecting the character of the forces produ- 
cing the inequalities of motion to modify their processes and resulta. 
The change of dimensions of the epicyeles is also a striking peculiarity 
of the Hindu system, and to us, thus far, its most enigmatical feature. | 
The virtual effeet of the alteration upon the epicycles themselves is to 
give them a form approximating te the elliptical. But, although the 
epicycles of the conjunction of the interior planets represent the proper | 
orbits of. those planets, and those of the superior the orbit of the earth, 
it is not possible to see in this alterativn an unconscious recognition of 
the principle of ellipticity, because the major axis of the quasi-ellipse— 
or, ia the case of Jupiter and Saturn, the 1.iuer axis—is constantly 
pointéd toward the carth. Its effect upon the orbit despribed by the 
planet is, as concerus the epicyele of the apsis, 12 give to the eccentric 
circle an ovoid shape, flattened in the first and fourth quadrants, bulging 
io the second and third: this is, so tar as it goes, an approximation to- 
ward Ptolemy's virtual orbit, a circle described about a centre distant 
ftém the carth’s place by only balf the cquivalent of the sadius of the 
_Bindo’ qpicycle (tho circle A’ P in figure 6): but the approximation 
igi§oe ‘distant to furnish any hint of on explanatiop, A diminution 
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‘ ing the planet forwatd where rhea is subtractive, an 
where it is additive: but we hardly feel justified in assumin : 
to be regarded as an empirical correction, applied to maker ‘ 

@alta of calculation agree more nearly with those of observation, See 
ff amount and place stand in no relation which we have been able to 
traéé to the true elements of the planetary orbits, nor is the accuracy 
of either the Hindu calculations or observations so great as to make 
such slight corrections of appreciable importance. We are compelled’: 
palleave the solution of this difficulty, if it shall prove soluble, to later 
favestigation, and a more extended comparison of the different text- 
books of Hindu astronomical science. 

As regards the numerical value of the elements adopted by the two 
systems—their mutual relation, and thcir respective relations to the true 
elements established by modern science, are exhibited in the annexed 
table. The first part of it presents the comparative dimensions of the 
planetary orbits, or the value of the radius of each in terms of that of 
the earth's orbit. In the case of Mercury and Venus, this is represented 

Wy the relation of the radius of the epicycle (of the conjunction) to that 
“ef the orbit; in the case of the superior planets, by that of the radius 
of the orbit to the radius of the epicycle. For the Hindu system it 
Was necessary to pive two values in every case, derived respectively from 
the greatest and least dimensions of the epicycles. Such a relative de- 
termination of the moon's orbit, of course, could not be obtained : its 
absolute dimensions will be found stated later (sce under iv. 8 and xii. 
84). The second part of the table gives, as the fairest practicable com- 

. Pirieok of the values assigned by each system to the eccentricities, the 

watest equations of the centre. For Mercury and Venus, however, the 

ot and modern determinations of these equations are not at all 

le, the latter giving their actual heliocentric amount, the for- 
mér their apparent value, as seen from the earth. 


. Relative Dimensions and Eccentricities of the Planetary Orbits, according 
to Different Authorities. 
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x4 46. Multiply the daily motion (bhukti) of.a plaget by the sun's 
Mesut from the base-sine (bthuphala), ang@Mivide’hy the number 
of minutes in a circle (bhacakra) ; ag: result, in winutes.apyp 
to the planet's true place, in the sae girection iy, theeeiiies- 
was appligd to the sua. 
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1 By this rule, allowance is made for that part of the equation of time 
fat the difference between mean and apparent solar titte, which is dye 
té"the.difference between the sun's mean and true.places. ‘The { 
»monttemployed by the Hindus in measuring timé are’ described, ve 
and insufficiently, in the thirteenth chapter of this work: in a 
probability the gnomon and shadow was that most relied upon; at any 
rate, they can have had no means of keeping mean time with any éaca- 
racy, and it appears from this passage that apparent time alone is re- 
‘garded as ascertainable directly. Now if the sun moved in the equi- 
noctial instead of in the ecliptic, the interval between the passage’ of iis 
mean and his true place across the meridian would be the same part of 
a day, as the difference of the two places is of a circle: hence the pro- 
portion upon which the rule in the text is founded: as the number of 
minutes in a circle is to that in the sun’s equation (which is the same 
with his “reault from the base-sine:” sce above, v. 39), so is the whold | 
daily motion of any planct to its motion during the interval. And 
since, when the sun is in advance of his true place, he comes later to 
the meridian, the planet moving on during the interval, and the reverse, 
the result is additive to the planet's place, or subtractive from it, accord- 
ing as the sun’s equation is adiitive or subtractive. 

e other source of difference between true and apparent time, the 
difference in the daily increment of the arcs of the ecliptic, in which 
the sun moves, and of those of the equinoctial, which are the measures 
of time, is uot taken account of in this treatise. This is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which we have ascertained above the truc places¥if 
the planets, the sun is so near the perigee, and lis equation of pl 
so sniall, that it renders necessary no modification of the pla 
ae even the moon moves but a small fraction of a second d 
the interval between mean and apparent midnight. sae 

By bhukti, as used in this versc, we are to understand, of course, not 
the mean, but the actual, daily motion of the planet: the commentary 
also gives the word this interpretation. ow the actual rate of meen 
is found at any given time, is taught in the next passage. ; 


47. From the mcan daily motion of the moon subtract the 
daily motion of its apsis (manda), and, having treated the differ- 
6nce in the manner prescribed by the next rule, apply the result, 
as an additive or sabtraclive equation, to the daily motion. “"* 

48. The equation of a planet's daily motion is to be calculated 
like the place of the planet in the process for the apsis: multi- 
ply the daily motion by the difference of ‘abular sines corre- 
sponding to the base-sine (dorjyd) of anoma.y, and then divide 

by two hundred and twenty-five; 
- "49, Multiply the result by the corresponding epicycle of thy 
apsis (mandaparidhi),‘and divide by the number of egrees in a 
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_ Only the effect of the apsis upon thé daily rate of motion is treated 
_ of in ‘these verses; the farther modification of it by the conjunction bs. 
subject of those which succeed. 7 ie 
eVerse 47 is a separate specification under the general rule given in 
e following verse, applying to the moon alone. The rate of ees 
motion in its epicycle being equal to its mean motion from the apsis, or 
its anomalistic motion, it is necessary in the case of the moon, whose 
apsis has a perceptible forward movement, to subtract the @aily amount 
of this movement from that of the planct in order to obtain the daily 
rate of removal from the apsis. a 
In'the first half of verse 48 the commentary sees only an intimation 
that, aa regards the apsis, the equation of motion is found in the same 
general mcthod as the equations of place, a certain factor being multi- 
plied-by the circumference of the epieycle and divided by that of the 
Earbit. Such a direction, however, would be altogether trifling and super- 
fluous, and not at all in accordance with the usual compressed style of 
the treatisc; and morcover, were it to be so understood, we should lack 
any direction as to which of the several places found for a planet in the 
process for ascertaining its true place should be assumed as that for 
which this first equation of motion is to be calculated. The true mean- 
ing of the line, beyond all reasunable question, is, that the equation is 
to be derived froin the same data from which the equation of place for 
the apsis was finally obtained, to be applied to the planet's mean posi- 
tion, as this is applied to its mean motion; from the data, namely, of 
the third process, as given above, 
The principle upon which the rule is founded may be explained as 
follows. The equation of motion for any given time is evidently equal 
#9 the amount. of acceleration or of retardation effected during that time 
bthe influence of the apsis. Thus, in Fig. 3 (p. 64), mn, the sine of 
.@ mt, is the equation of motion for the whole time during which, the 
scentfe of the epicycle has been traversing the arc A M. If thut are, 
and the arc a'm, be supposed to be divided into any number of equal 
‘portions, each equal to a day's motion, the equation of motion for each 
successive day willbe equal tu the successive increments of the sines of 
“the increasing arcs in the epicycle; and these will be equal. to the sue~ 
cessive increments from day to day of the sines of mean anomaly, re- 
_ duced to the dimensions of the cpicycle. But the rate at which the 
sine is increasing or decreasing at any point in the quadrant is.approst 
mately measured by the difference of the tabular sines at that point: 
‘and'as the arcs of mean daily notion are generally quite small—being, 
except in the case of the moon, much leas than 3° 44’, the unit of the 
table—we may form this proportion: if, at the point in the orbit occa- 
es by the planct, a difference of 3° 45/ in arc produces an increase or 
-decrease of a given amount in sigh, what increase or decrease of sive 
will be produced by a difference of are. equal to.the planet's daily | 
motion! or, 225 : diff. of tab. sines : : planet's daily motion : correspond- 
Ping diff. of sine. The reduction of the resujiiéf. this proportion to thé 
‘dimeggions‘of the epicycle gives the eg@ition sought. . oo. 
we das eater a i Mae method har fs fn Pooh prt of dhitzieaas: 
w true dé Bile Seen found above. jer: 
ofp 20 niger oes Ter iran logins gape od shove, 
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| ‘Moon's méan daily motioh (1. 80), _ "+ ggor 3577 
'&:..  deduet daily motion of apsis (i, 88), > Bd, s. 
-!” * Mogo's mean anomalistic motion, : 783 54°": 
*Pront Bie process of calculation of the moon’s true place, given abord, 
we take es 
Moon's magn anomaly, 108 18° 46" 15!" 
Sine of anomaly (dhujajyc), 3266’ 
From the table of sines (ii. 15-27), we find ; 
Corresponding difference of tabular sines, 174! 


Hence the proportion 
z 225/: 174’: : 783" 54°’ : 606! 13/7" 

shows the increase of the sine of anomaly in a day at this point to : 
606/13”, The dimensions of the epicycle were found to be 31° 47%, * 
Hence the proportion 

360° : 31° 47’ =: 606! 13” : 53’ 31” 
give us the desired equation of motion, as 53/31”. By verse 49 it ip 
subtractive, the planet being less than a quadrant from the apsis, or iti’ 


anomaly being more than nine and less than three signs. ‘Therefore, 
from the 


t 





Moon's mean daily motion, 790! 35’? 
subtract the equation, 53 31 
Moon’s true daily motion at given time, 737, («4 


The roughness of the process is well illustrated by this example:.¢ 
Had the sine of anomaly been but 2’ greater, the difference of smes 
would have been 10’ less, and the equation only about 50’. 

The equation of the sun’s motion, calculated in a similar manner, is 
found to be +2’ 18”, and his true motion 61/ 26”. 


The corrected rate of motion of the other planets will Le given under 
the next following passage. 


50. Subtract the daily motion of a planet, thus corrected for 
the apsis (manda), from the daily motion of its conjunction , 
(ighra); then multiply the remainder by the difference between’ 

e Jast hypathenuse and radius, M4 

51. And divide bv the variable hypothenuse (cala karna): the ; 
result is additive to the daily motion when the hypothenuse, #* 
greater than radius, and subtractive when this is less; if, when 
subtractive, the equation is greater than the duly mution, deduct 
the latter from it, and the remainder is the daily motion in‘a 

. Tetrograde (vaira) direction. 

. ..The commentary gives no demonstration of the rule by which we are 
here taught to calculate’the variation of the rate of motéog of a planet 
mogeskiowed by the action ode sauainle ups the following figure, how- 
eer ig. 7), will illusteaty. tie principle upon which it is tapped. | 





80°. -Bhrya-Siddhénta, | [W 8% 
. Asin w previous & re (eg. 5, p- 68), CMM’ represents the men. 
. orbit of a planet, E the and Mf anet's greet wepradey 
given time, relative to its conjunction, C: the circle d shone 
gee epicycle of the conjunction: it is drawn, in the figuré,.of 
ive dimensions of that assumed ", 
for Mars. Suppose M' M to be the 
amount of motion of the centre of 
the epicycle, or the (equated) mean 
s odical motion of the planet, 
uring one day; 2/m is the arc of 
the epicycle traversed by the planet 
in the same time. As the amount 
of daily synodical motion is in every 
case small, these arcs are necessarily 
atly ary: lla in the figure, 
eing made about twenty-four times 
too great for Mars. Ilad the planct 
remained stationary in the epicycle 
at m! while the centre of the opi- 
eycle moved from M’ to M, its place 
.at the given time would be at s; 
having moved to m, it is seen at f: 
hence sé is the cquation of daily motion, of which it is required to 
ascertain the valuc. Produce Em! to », making En equal to Em, and 
join mn; from M draw Mo at right angles to Em. Then, since the arc 
mm’ is very small, the angics Emn and Enm, as also Mmm! aod 
Mmm, may be regarded as right angles; Mmo and amm’ are there- 
- fore equal, each being the complement of Emm’, and the triangles 
mam’ and Mme are similar. Hence 
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tf 
Mm:mo::mm’:mn 


But «. EM:Mm::MM’':mm’ 
- Hence, by combining terms, EM:me::MM':mn 
Bat ts: Eé::mn: Em 


*therefore, since EM equals E ¢, ee mee tf tle 
by agsin pe re aoe ae : 
“and, reducing the proportion te an equation, ¢s, the required equation 
gof radtion, equals MM’, the equated mean synodical motion in a day, 
” Mltiplied by mo, and divided by Em, tho variable hypothenuse. This, 
~ However, is not precisely the rule given above; for in the text of this 
” Siddbanta, m#, the difference between the variable hypothenuse and 
 Fadius, is substituted for mo, as if the two were virtually equivalent: a 
highly inaccurate assumption, since they differ from one another by the 
versed sine, of, of the equation of the conjunction, M f, which equation. 
is sometimes as much as 40°; and indeed, the commentary, contrary td: 
. jts udual habit of obsequiousness to the inspired text with which it has: 
to:deal, rejects this assumption, and says, wifftout even an apology for’? 
the liberty it is taking, that by the word “radius” in verse 50 is to b 
nutlerstood the cosine (Koti 8} of the second.aquation of the conj 
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“Ty illustration -of the rule, we will calculate the true rate of daily 
‘motion of the ‘planct Mars, at the same time for which the previons 
alegtations have been made, 

“| BY the -process already-illnstrated under the preceding passage, the 
equation of Mary's daily motion for the effect of the apsis, as derived from 
the data of the third -process for ascertaining his true place, is foand to 


be ~3' 41”, the difference of tabular sines being 131. Accordingly, 








y Be Shoei ibe mean daily motion of Mars (i. 3+), 31’ 26" 
%  @bdiict the equation for the apsis, 3 41 
; Mars’ equated daily motion, a= 45 
. Now, to find the equated daily synadical motion, 
from the daily motion of Mars’s conjunction (the aun), 5g’ 8! 
deduct his equated daily motion, a= 45 
Mars’s equated daily, synodical motion, su a3 


The variable hypothenuse used in the last process for finding the tre 
place was 3984’; its excess above radius is 446") The proportion 
"3984! : 546" :: 3172377: 4° 18" 
shows, then, that the equation of motion due to the conjunction at the 
given tine ia 4/18". Sinee the hypothennse is greater than radius— 
that is to say, since the planet is in the halt-orbit in which the influence 
of the cunjuuction is accelerative—the equation is additive. Therctore, 





to Murs’s equuted daily tnotion, 27’ 45” 
add the equation fur the cunjuuction, 418 
Mars's true daily motion at the given time, 3a 3 f 


In this ealeulation we have tullowed the rule stated in the text: had 
we accepted the amendment of the commentary, and, in finding the 
second term of our proportion, substituted fur radius the cosive of 
33° 44', the resulting equation would have been more than doubled, 
becoming 8°51", instead of 4°18; this happening to be a case where 
the difference is nearly as great as possible. We have deemed it best, 
however, in making out the corresponding results for all the five planets, 
as presented in the anmexed table, to adhere to the directions of the, 
text itself, The inaccuracy, it may be observed, is greatest when th 
equation of motion is least, and the contrary; so that, although some+ 4 
times very large relatively to the equation, it never comes to be of any’ 
great importance absolutely. - ae. 


Results of the Processca for finding the True Da ly Motion of the Planets, 


as 
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Planet, |, (Dit, Eagation | Eawated | ayecl'Motton, of Coyjunetion | Meaen 
Mercury, 205 | -4 a1 | 54 47} 190 45  -25 45 | +29 2 
Venus, aig} +t 53} G1 1 | 3507) +en 17 | +73 «18 
Mara, 31} -3 4t} 27 45! 31 a3 i +4 18 +32 3 
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The final abandonment by the Hindus of the principle of equable cir- 
cnlar motion, which lies at the foundation of the whole system of eccen- 
tries and epicycles, is, as already pointed out above (under vv. 48-45), 

. Giatinctly exhibited in this process: m/m (Fig. 7), the are in the epi- 
eycle traversed by the planet during a given interval of time, is no fixed 
and equal quantity, but is dependent upon the are M’ M, the valne of 
which, having suffered correction by the result. of a triply complicated 
process, is altovether irregular and variable. This necessarily follows 
from the assumption of simultaneous and mutual action on the part of 
the beings at the apsis and conjunction, and the consequent impossibility 
of constructing a single connected geometrical figure which shall repre- ' 
sent the joint effect of the two disturbing influences. By the Ptolemaic 
method the prinviple is consistently preserved: the fixed axis of the 
epicycle (see Fig. 8, p. 217), to the revolution of which that of the 
epicycle itself is bound, is z PX 3 and as the angle z PT, like #X A”, 
increases equably, the planet traverses the circumference of the epicycle 
With an unvarying motion relative to the tixed point 2; although the 
equation is derived, not from the are zT, but from eT, the equivalent of 
CR, its part ez varying with the varying angle E P X. 

In case the reverse motion of the planet upon the half-circumference 
of the epicycle within the meau orbit is, when projected upon the orbit, : 
greater than the direct motion of the centre of the epicycle, the planet 
will appcar to move backward in its orbit, at a rate equal to the excess 
of the former over the latter motion. This is, ay the last table shows, 
the case with Jupiter and Saturn at the given time. The subject of the 
retrogradation of the plancts is coutinued and cympleted in the next 
following passage. 


§2. When at a great distance from its conjunction (¢ghrocea), 
a planet, having its substance drawn to the left and right by 
slack cords, comes then to have a retrograde motion. 
63. Mars and the rest, when their degrees of commutation 
. (Kendra), in the fourth process, are, respectively, one hundred 
_ and sixty-four, one hundred and forty-four, one hundred and 
thirty, one hundred and sixty-three, one hundred and fifteen, 
, 94 Become retrograde (vakrin): and when their respective 
gcommutations are cqual to the number of degrees remaining 
- after subtracting those numbers, in each several case, from a 
, Whole circle, they cease retrogvadation. 
_ 55. In accordance with the ereatness of their epicycles of the 
» conjunction (cighraparidhi), Venus and Mars cease retrograding 
in the seventh sign, Jupiter and Mercury in the eighth, Saturn 
in“the ninth, 


Ge. ‘The subject of the stations and retrogradations of the planets is 
‘pather’ briefly and summarily disposed of in this passage, although 
treated with as much fnilncss, perhaps, a8 is consistent with the general 
method of the Siddhantsa. Ptolemy devotes to it the greater part of 


thé twelfth book of the Syntazis. i 
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The fitst verse gives the theory of the physical cause of the phenome- 
non: it, is to be compared with-the opening verses of the chapter, 
particularly verse 2. We note here, again, the entire disavowal of the 
system of epicycles as a representation of the actual movements of the 
planets. Ilow the slackness of the cords by which each planet is 
atiached to, and attracted by, the supernatural bein, at its conjunction, 
furnishes an explanation of its retrogradation which should commend 
iteelf as satisfactory to the mind even of one who believed in the super- 
natural being and the cords, we find it very jiard to seo, in spite of the 
explanation of the commentary: it might have been better to omit 
verse 52 altogether, and to suffer the phenomenon to rest upon the 
simple and intelligible explanation given at the end of the preceding 
verse, Which is a true statement of its cause, expressed in terms of the 
Hindu system. The actual reason of the apparent retrogradation is, 
indeed, different in the case of the inferior and of the superior planets. 
As regards the former, when they are traversing the inferior portion of 
their orbits, or are nearly between the sun and the earth, their helio- 
centric eastward motion becomes, of course. as seen from the earth, 
westward, or retrograde; by the parallax of the earth's motion in the 
same direction this apparent retrograidation 13 diminished, both: in rate - 
and in continnanee, but is not prevented, berause the motion of the’ 
inferior planets is more rapid than that of the earth, The retrograda-° 
tion of the superior planets, on the other land, is due to the parallax of 
the earth's inetion in the same direction when berween them and the 
sun, and i ned hy their own motion in’ their orbits, alehough not 
done away with altogether. beeanse their motion is less rapicl than that 
ef the earth. But in the Hindu svstem, the revointion of the planet in 
the epicycle of the con inenion represents In the one case the propet 
motion of the planet. in the other, that of the carth, revefsed: hence, 
whenever its apparent amount, in a contrary direction, exceeds that of 
the movement of the centre uf the epievele---which is, in the one case, 
that of the earth, in the other, that of the planct its«lf—retrogradation 
is the necessary consequeuce. 

Verses 53-95 contain a statement of the Himits within whieh retro- 
gradation takes place, The data of verse 53 belong to the differcut 
planets in the order, Mars, Mereury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). That is to say. Mereury retrogrades, when bis : 
equated commutation, as made use ot in the fourth process for finding 
his true place (see above, under vv. 43-45), 1s nore than 144° and less 
than 216°; Venus, when her commutation, iu like manuct, is between, 
163° and 197°; Mars, between 164° and 186%: Jupiter, between 130% 
and 230°; Saturn, between 115° and 245° These linnts ought not, 
however, even according to the theory of this Siddhauta, to be lpi 
down with such exactness; for the precise point at which the subtractive 
equation of motion for the coujunetion will excced the proper motian: 
of the planct must depend, in part, upon the varying rate of thelatter” 
as affected by ita eccentricity, and must accordingly differ a little, at 
differant times. We have nut thonght it worth while to Calculate the 

amount of. this variation, nor to draw up a comparison of the Hindu 
With the Greek and the modern determinations of the limits of retro 
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gradation, since these arc dependent tor their correctness upon the accu- 
racy of the elements assumed, and the processes employed, both of 
Which have been already sufficiently illustrated. 

The last verse of the passage adds little to what had been already 
said, being nerely a repetition, in other and less precise terms, of the 
specifications of the preceding verse, together with the assertion of a 
relation between the limits of retrogradation and the dimensions of the 
Tesfiective epicyeles; a relation which is only empirical, and which, as 
regards Venus and Mara. dges not quite hold good. 


56. To the nodes of Mars, Saturn, and Jupiter, the equation 
of the conjunction is to be applied, as tu the planets themselves - 
respectively; to those of Mercury and Vetus, the equation of 
the apsis, as found by the third process, in the contrary direction, 

57. The sine of the are found by subtracting the place of the 
node from that of the planet—or. in the case of Venus and 
Mercury, from that of the conjunetion--buing multiplied by the 
extreme latitude, and divided by the last hypothenuse---or, in 
the case of the moon, by radins ives the latitude (edesheprt). 

58. When latitude and declination (apukrama) are of like 
direction, the deelination (Arde is increased by the latitude: 
when of different dircetion, it is diminished by it, to find the’ 
true (spashkta) declination: that of the suu remains as already 
determined. 


How to find the declination of a planet at ans given point in: the 
ecliptic. or eirele of declination (Aranterrtta), Wiis trtecdit Ws in verse ZS 
above, taken in connection with verses # awd LOoof the next chapter: 
here we hate stated the method of finding the actual declination of any 
planct, as modified! by its deviation in lautude from the cehpiie. 

The process by which the amount of a planets deviation in latitude 
from the ecliptic is here direeted to be fonnd is more correct than might 
have been expected, considering ow far the Hindus were from compre- 
hending the true relations of the solar system. ‘The three quantities 
employed as data in the proeces are, first. the angular distance of the 
planet from Ws nodes secoml, the apparent vaiue, as latitude, of its 
greatest removal trom the eeliptic, when seen from the earth at a incan 
distance, equal to the radius of its inean orlat: and: tastly, its actual 
distance from the earth. Of these quantities, the second is: stated for 
each planct in the concludiny verses of the first chapter; the third is 
correctly represented by the variable hypothenuse (cady Aare) found in 
the fourth process for determining the planet's true place (sce above, 
under vy. 43-45); the first is still te be obtained, and verse 56 with the 
first part of verse 57 teach the method of ascertaining it. ‘The prinei- 
ple of this method is the same for all the planets, although the state- 

"ment.of it is so slifferent; it is, in effect, to apply to the mean place of 
we lanet, before taking its distance from the nore, only the equation 
Gethe apsié. found asthe result of the third process. In the case of 
¢ie-superior planets, this method has all the correctness which the 

‘ Hindu system admits; for by tho first three processes of vorrection is 
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found, as nearly as the Lindus are able to find it, the true heliocentric 
place of the planet, the distance from which to the node determines, of 
course, the amount of removal from the ecliptic. Instead, however, of 
taking this «distance dircetly, rejecting altogether the fourth equation, 
that for the parallax of th: earth's place, the Ilindus apply the Jatter 
both to the planct and to the nude; their relative position thus remains 
the same as if the other method had been adopted. 

Thus, for instance, the position of Jupiter's node upon the first of 
January, 1860, is found frem the data already given above (sec i. 41-44) 
to be 2819? 40/5 his true heliocentric lonzitude, cinployed as a datum in 
the fourth process (seep. 216), is $8 1° 64; Jupiter's heliocentric dis- 
tance from the nude is, aevordinely, 11° 26’, Or, by the Hindu method, 
the planet's truce geocentric place is 38 4° 11, and the corrected longt- 

“tide of its node is 23 22? 457: the distanee remains, as before, 11° 264, 

Ja the ease of the inferior planets, as the assumptions of the Hindus 
respecting them were further removed frou the truth of nature, so their 
method of finding the distanee from the node is more arbitrary and Jess 
necurate, En their evatel the helocentric position of the planet 18 rep- 
recented by the place of its conjunction (righra), and they had, as-is 
shown ahoye (see dn 8). recounized the fact what it was the distance of 
the latter from the node which determined the ameant of deviation from 
the ecliptie, Now. in ascertaining the helioeentrie distanee of an infe- 
ror planet from ifs nede, allowanee needs to be inade, of course, for the 
effect upon ifs position of the eccentricity af its orbit. But the Hindu 
equation of the apsis is ne trae represcutative of this effeet 2 itis calen- 
Jated in order to be applied te the mean place of the sun, the assumed 
eontie of the epievele that iss af the trae orbit: its value, as found, Is 
ecoventnie, amd as appears by the talle on p. 220, is widely different 
from its heliocentric valued ard: its sign ds plus or unnus aceording as 
ifs influence is to earry the planet, as seen from the carth, eastward or 
westward; while, in cither case, the true heliocentric ctfeet: may be at 
one time to bring the planet nearer to, at another time te carry it farther 
from, the node, The Hindus. however, overlooking these incongrutties, 
and having, apparently, ue distinet views of the subject to guide them 
ty a correeter method, fellow with regard to Vetus and Mereury what 
seems to them the same rule as was emploved in the case ef the other 
planet»—they apply the equation of the apsis, the result of the third 
process, to the mean place of (hte coujunetion: only here, as before, by 
an indireet process: instead of applying it to the conjunetion itself, they 
apply it with a contrary sign to the node, the effect upon the relative 
position of the two being the same, 

Thus, for instance, the longitude of Merevry’s conjunction at the 
given time is (see p. 214) 49 16" 47") from this s ibtract =” 2’, the equa- 
tion of the apsis fennd by the third process, anc its equated longitude 
in 48 14° 55!: now deducting the lougiude of tie node at the same 
time, which is 20° 41, we ascertain the planet's distance from the node 
to be 84 24° 144 Or, by the Hindu method. add the same equation to 
the mean position of the node, and its equated longitude is 22° 43/; 
subtract this from the mean longitude of the conjunction, and the dis- 

. tance is, aa before, 3% 24° 14’. 
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‘she .planct's distance from the node being determined, its latitude. 
would be found by a process similar to that prescribed in verse 28 of 
this chapter, if the earth wore at the centre of motion; and that rule is 
accordingly applied in the case of the moon; the proportion being, as 
radius is to the sine of the distance from the node, so is the sine hs exe 
treme latitude (or the latitude itself, the difference between the sine and 
the arc being of little account when the are is so small) to the latitude 
at the given point. [In the case of the other planets, however, this pro- 
portion is modified by combination with another, namely: as the last 
variable hypothenuse (cala karna). which is the line drawn from the 
earth to the finally determined place of the planet, or its true distance, 
is to radius, its mean distance, so is its apparent latitude at the mean 
distance to its apparent latitude at its true distance. That is, with 

R :sin noid. dist.:: extreme Jat. : actual lat. at dist. R 
combining var. hyp: KR silat. at dist. Re: lat. at true dist. 
we have var. hyp :sin nod. dist. : : extreme lat. : actual lat. at truce dist. 
which, turned into an equation, is the rule in the latter half of v. 57. 

The latitude, as thus found, is measured, of course, upon a secondary 
to the ecliptic. By the rule in verse 58, however, it is treated as if 
Whéasuted upon a circle of declination, and is, without modification, 
added to or subtracted frym the declination, aceorling as the direction 
of the two is the same or different. The commentary takes note of this 
error, but explains it, as in other similar eases, as being, “tor fear of 

iving men trouble, and on aceount of the very slight inaccuracy, over- 
eoked by the blessed Sun, moved with compassion.” 

:We present in the annexed table the results of the processes for caleu- 
lating the latitude, the declination, and the true declination as affected 
af Jatitude, of all the planets, at the time for which their longitude has 

y been found. The declination ia calenlated by the rule in verse 
28 of this chapter, the precession at the given time being, as found 
under verses 9--12 of the next chapter, 20° 24/ 39% Upon the line for 
the sun in the table are given the results of the process for calculating 
his declination, the equinox itself being accounted as a “node”: it is, in 
fact, styled, in modern Hindu astronomy, Ardatipeta, “node of deelina- 
tion,” although that term does not orcur in this treatinc. 


Results of the Process for finding the Lattwle and Declination of the 
i. Planets. 
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P sWie.are now able to compare the Hindu determinations of the tras. 
’ plegte-and motions of the planets with their actual positions and motions, 
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as obtained by modern science. The comparison is made in the annexed 
table. Aa the longitudes given by the Sirya-Siddhanta contain a con- 
stant error of 2° 20’, owing to the incorrect rate of precessifakaidopted 
by the treatise, and the false position thence assigned to the nox, we 

ive, under the head of longitude, the distance of each planet from 
ire Hindu cquinox, and from the true vernal equinox of Jan. 1, 1860. 
The Hindu daily motions are reduced from longitude to right ascension 
by the rule given in the next.following verse (v.59). The modern data 
are taken from the Ainerican Nautical Almanac. 


True Places and Motions of the Planets, Jan. 1st, 1860, midnight, at 
Washington, according to the Sitrya-Siddhinta and to Modern Sctenee, 
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' “rue Longitude. Daily Motion — 


Planet, | Surya Siddhiuta : Declination. in Right Ascension. 
frum from Moderns.| Siirya- | ' Stirya- | 
‘Hindu eq] true eg. ‘Siddhunta | Moderns. ' Siddluinta,! Moderns. 
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Jupiter, | 114 36 | 112 16 | rir 34 | at 57N.] aa rN. eo B-ar|= 8-19 
Saturn, 145 32 
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The proper subject of the second chapter, the determination of the 
true places of the planets, being thus brought to a close, we shonid ex- 
pect to sce the chapter eiacluiel here, aud the other matters which it 
contains put off to that which follows, in which they would seem more 
properly to belong. The treatise, however, is nowhere distinguished for 
its orderly and consistent arrangement. 


59. Multiply the daily motion of a planet by the time of 
rising of the sign in wich it is, and divide by eighteen hun: 
dred; the quoticut add to, or gubtract from, the number of respi: 
rations in a revolution: the reguit is the.number of respirations 
in the day and night of that planet. 


In the first halt of this verse is taught the method of finding the in- 
crement or decrement of right ascension corresponding to the increment 
or decrement of longitude nade by any planet during one day, For the 
“time of rising” (udayaprénds, or, more commonly, udaydsavas, liter 
ally “respirations of rising") of the different signs, or the time in reap} 
rations (see i. 11), oceupied by the successive signs of the ecli 
passing the meridian—or, at the equator, in rising, above the horigan-~ 
see verses 42-44 of the next chapter. The stateancnt upon which the 
rule is founded is as follows: if the given sign, containing 1800 of axe 
(each minute of arc corresponding, as remarked above, under i, 14-18, 
to a respiration of sidereal timne), occupies the stated number of 
tions in passing the meridian, what number of respirations will be oocu- 
pied by the arc traversed by the ar on a given day? ‘The resalt 
gives the amount by which the day of. each planet, reckoned - in: the- 
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‘Wanner of this Siddhanta, or from transit to transit across the inferior 
meridian, differs from a sidereal day : the difference is additive when the 
motion of the planct is direct; subtractive, when this is retrograde. 

Thus,‘to find the length of the sun's day, or the interval between two 
successive apparent transits, at the time for which his true longitade and 
rate of motion have already been ascertained. The sun's longitude, as 
corrected by the precession, is 1 8? 40/; he is accordingly in the tenth 
sign, of which the time of rising (udaydsaves), or the equivalent in right 
ascension, is 1935°. His rate of daily motion in longitude is U1’ 26", 
Hence the preportion 

8 1990 Gr! 96°: Gullog 

shows that his day differs from) + true sidereal day by T1¥ 0P,04, An 
his motion is direct, the difference is additive: the length of the appar- 
ent dav is therefore 60° 11¥ GP.O4, which is equivalent to 244 am 2785, 
mean solar time. According to the Nantical Almanae, it is 245 Om 2896, 
By a similar proccss, the length of Jupiter's day at the same time is 
found to be 59" 58¥ 47, or 234 55" 208,85 by the Nautical Almanae, it 
is 28h 55™ 308, 


60. Calculate the sine and versed sine of declination : then 
radius, diminished by the versed-sine, is the dav-radius: it is 
either south or north. 


The quantities made use of, and the processes preseribed, in this and 
the following verses, may be explained ane illustrated by meaus of the 
annexed figure (Fig. 8). 7 

Let the circle ZS Z’N represent the meridian of a given place, C 

ok lwing the centre, the 

16: ©. place of the observer, 

SN the section of the 
plane of his horizon— 
S bey the south, and 
» the north point—Z 
and Z the zenith and 
its opposite point, 
the nadir, Po and }* 
the north and south 
poles, and E and EF’ 
the points on the me- 
ridian cut by the 
equator. Let ED Le 
the declination of a 
planet atagiven time; 
then D 1’ will be the 
diameter of the cirela 
of diurnal revolution 
described by — the 
planet, and BD the 
radius of that circle: 
B D is the line which 
‘Sp verse 60 is called the“ day-radius.” Draw DF perpendicular to EC: 





*. 
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. then it is evident that BD is equal to EC diminished by EF, : > 


the versed sine of ED, the declination. 

For “radius” we have hitherto had only the term érijyé (or its equiv- 
alents, (rijtud, tribhajtud, tribhajyd, tribhaméurvikd), literally “the sine 
of three signs,” that is, of 90°. That term, however, is applicable only 


to the radius of a great cirelo, or to tabular radius. In this yerse,. 


accordingly, we have for “duay-radius” the word dinavydsadala, “ half- 
diameter of the day ;” and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent name for 
the same quantity in modern Jlindu astrouomy is dyujyd, “day-sine 2” 
this, although employed by the commentary, is not found anywhere in 


our text. 


It ia a matter for surprise that we do uot find the day-jgdius declared 


~ equal simply to the cosine (kefijya) of declination, 


- the asterisins (A/a) may be found in like manner, bytieages 


Tn illustration of the mile, it will be suflicient to find the radius of the 
diurnal circle described by the sun at the time for which his place has 
been deterinined. His declination, Ed (Fig. 8) was found to be 23° 41%: 
of this the versed sine, EF, is, by the table given above (ii, 22-27), 
200’: the dilference between this and radius, EC, or 3438, is 3148’, 
which is the value of (CF or 6d, the day-radius. The declination in 
this dase being south, the day-radius is also svuth of the equator. 


61. Multiply the sine of declination by the equinoctial shadow, 
and divide hy twelye; the result is the earth-sine (dshityyd4) ; 
this, multiplied by radius and divided by the davy-radius, givés 
the sine of the uscensional dillerence (care): the number of 
respirations due to the aseensiunal difference 

62. Is shown by the corresponding are. Add these to, and 
subtract them froin, the fourth part of the correspo ading. “aes 
and night, and the sum and remainder are, when deqiinatay nee 
north, the half-day and balf-night; eee Ss 
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63. When ceclination is south, the reverse; t mi sai 
by two, are the day and the night. Tho day and the yagcef 


their declination, increased or diminished by their latite oS: 
mt ee i Pa 
We were tauzht in verse 59 how to find the length of thigteay 


of a planct at any yiven time; this passage gives ws the: Hates 
ascertaining the length of its day and of its night, or of th i paphan & fe 
day duriny which the planet is above, and that during. whith- ae 
the horizon. a gi teaee as ; eo 
lu order to this, it is necessary, to ascertaip, for the J Ss a: ‘ie 
its ascensional «itference (cara), or the difference b gh gates mee 
oblique ascension, the amouut of- which varies: w.sh gee) ai 
the planct and the latitude of the observer. ‘the 
is stated in verse O1: it ae Gk lained.-b 
(Fig. 8). : First, the value of the: line A Bgempiet 
site.” (kehitijyd), is found, by compatitmamilis! 
HE, which are similar, sincé: the: @iaew 
equal to the latitude of the observer. Sie 
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. Moye triangle of whiel-n of twelve digits is the péeppen- 
’ @iilars and 3 nejuinocialonhadow, cat when the sun is in in equakor 
? quid on the meridian (see the next cha verse 7, etc,)'is the ‘base; 
“Bence the proportion EH: HC::BC: AB is equivalont—since BC 
| DF, the sine of declination—to gnom. : eq. shad,::sin deel. : 
th-sine. But the arc of which AB is sine is the same part of the” 
“@rele of diurnal revolution as the ascensional difference is of the equa- 
tor; hence the reduction of A B to the dimensions of a great circlé, by 
‘the proportion BD: AB::CE:CG, gives the value of CG, the sine 
of the ascensional difference. The corresponding arc is the measure in ° 
time of the amount by which the part of the diurnal circle intercepted 
+ between the meridian and the horizon differs from a quadrant, or by. 
* which the ee wentay sun-rise or sun-sect and noon or midnight diffors 
Geni ‘a quarteF of the day. 
~* "Fn illustration of the procesa, we will calculate the respective length 
“the sun’s day and night at Washington at the time for which our . 
previous calculations have been made. 
‘The latitude of Washington being 38° 54’, the length of the equi- 
néctial shadow cast there by a gnumon twelve digits long is found, by 
. the rule given below (iii. 17), to be 94.68. The sinc, dF or 6C, of the 
sun’s declination at the given time, 23° 41’ S, is 1380’. Henct the 
_ praportion a 
; 12:9.68:: 1380: 1113 


s@hyes us the value of the earth-sine, a6, as 1113’. This is reduced to 
+ (Be dimensions of a great circie by the proportion 
oe 3548 : 3438 251513: 1216 
The value of Cg, the sine of ascensional difference, is therefore 1216’ : 
the corresponding arc is 20° 44', or 1244’, which, as a minute of are 
equals a respiration of time, is equivalent to 3° 27% 2°, The total 
length .of the day was found above (under v. 59) to be 60" 11°; in- 
cyease and diminish the quarter of this by the ascensional difference, 
gd double the sum and remainder, and the length of the night is found 
| heB7" OF 1P, and that of the day 23" 10” 5, which are equivalent 
respepsivaly to 14h 45™ 389.6 and 9" 14 48",9, inean solar .ime. 
~Of course, the respective parts of a sidezeal day during which each 
of the lunar mansions, as represented by ‘ts principal star, will remain 
shove and below the horizon of a given latitude, may be found in the 
gamma manner, if the declination of the star is known; and this is stated 


















in She chapter (ch. viii) which treats of the asterisms. 
& Bi called Eshitijy4 is not easy to sce. One is tempted 
to ; the term as meaning rather “sine of aituation” than ‘ 


dine,” the original signification of kshiti being “abode, reai-. 
dence”: it might then indicate a sine which, for a given declination, - 
* 2 withthe sitnation of the observer. Tut that kshiss in this com- 
“. Qaelee is to be taken in its other acceptation, of “earth,” ia at least 
iy indicated: by the other and more usual name of the gine j 
Got Rudd which is used by the preter although not tw oe 
wassd which can only mess.“ earth-sine.” - The word cara, used‘@ 
onal differencé, means siniply “ variable”; we have 
satadela, * variable pegtinn*¢' that im to say; the 


we 
aT a 
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- pomabgatly varyio amount by which the appareat day snd‘ night : 
‘frogh tlie pio day and night of one half'the whole ea . 





T 


gaomdn, thé-squinoctial shadow, etc. are treated. of in ‘the. next. chapter; 


“64. The portion (bhoga) ofgan asterism, (bha) is cig’ t bnndred 
Y@pinutes x. Pa lonar day (titht), in like manner, — hnndred 
quid.twenty. df the longitude of a planet, in minutes, be divided 
by the portion of an asterism, the result is its position in asters 
jams: .by means of the daily motion are found the days, ete; +. 


The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster: 
-igme, of equal amount; hence the portion of the ecliptic occupied by - 
@ach asterism is 13° 204, or 800’. In order to find, accordingly, jn”. 

ich aktcriam, at a given. time, the moon or any other of the plangtm¢ 
is, we have only to reduce its longitude, not corrected by the veel 
to minutes, and divide by 800: the quotient is the number of asteriang 
traversed, and the remainder the part traversed of the asterism in which: 
the planet is. The last clause of the verse is very elliptical and obsenge7 
according to the commentary, it is to be understood thus: divide by the 

- planet's truc daily motion the part past and the part to come of the. 
current asterisin, aud the quotients are the days and fractions of « ay 


« 
i 
YY 
: 
es 


which the planet has passed, and is to pasa, in that asteriem. This 1y- 
terpretation is supported by the analuyy of the following verses, and ts 
doubtless correct. ; 
The true longitude of the moon was found above (under v. 39) to bg ‘ 
119 17° 39, or 20,859, Tividing by 800, we find that, at the given 
time, the nivon is in the 27th, or last, asterism, named Revati, of which 
- it has traversed 59’, and has 741’ still to pass over. Its daily motion 
being 737’, it has spent 28* 4?, and has vet to continue I¢ 09 19° 8P, in 
the asterism. 
The latter part of this process:proceeds upon the assuroption that the 
lanet’s rate of motion r-mains the same during its whole continuance 
in the asteriam. A similar assumption, it will be noticed, is made in it | 
the processes from verse 59 onward ; its inaccuracy is greatest, of course, 
where the moon’s motion is concerned. ae get a 
Respecting the lunar day (¢i/hi) sec below, under verse 66. 





65. From the number of minutes in the sum of the longitudés 
of the sun and moon are found the yogas, by dividing that stim 
by the portion (bhoza) of an asterism. Multiply the ‘mintiies. 
past and to come of the current yoga by sixty, and di 
the sum of the daily motions of the twe planets: the reault 15 
the time in nédfs. : oo. 

What the is, is evident from this rule fur finding it: 3@ ig: 
period, of vmcable length, during which the joint motion ig longi bes 
p adrear and moon amounts to 13° 20’, the portion of: = lunar 
ererding to Celebreoke (As. Res. ix. 365; Hasays, eh 362, 


witef the ia chiefly astrological; the accurrence of. cartain agi 
be tetivale by bewerer alee regulated -by them; and they are.ao fy. 
' quently exeployed that syery Hindu: almanac apntains & eolupm spay : 






ee ee 
Ox ga for ench day, with the time of ita terminitiotiy The) 
“ ntintes of the twenty-sevey yogas-are as follows:) 0s) YH or* Ge 










| f. Vishkambha. oo *——s«éirto. Ganda : ae 

a. Priti. IT, Virddhi,, ? 
3, Ayushmant. 42, Dhruva. a1. Sidhe. © 
4. Saubbigya. 13, VyAghita. 22. Sidhya. 
5. Cobhana. 14. Harshana. 23, Cubha. 
6, Atiganda. 15. Vajra. 24. Cukla. 

~ », Sukarman. 16. Siddhi. 25, Brahman. 
8. Dhrti. 17. Vyntipita. 26. Indra. * 
9. Cala, 18. Variyas. a7, Vaidbrti. 


yiPhere is also in use in Tudia (xee Colebrooke, as above) another 
of yoras, twenty-eight in number, having for the most part -. 
ferent names from these, and yroaverued by other rules in their sucees- 

. Of this system the Surva-Siddhanta presents no trace. 
~ “We will find the time in yogas corresponding to that for which the 
previous calculations have been mde. 

' The longitude of the moon at that time is 11" LT? 394 that of the 
wun is 8" 18° 15/5 their sum is 889° SF, or 14,754. Dividing by 800, ' 
we find that. eighteen youas of the series are past, and that the current 
one is the nineteenth, Parizha, of which 354 are past, and 4467 to 
come. To ascertain the time at which the current yoru began and that « 
at which it isto end, we divide these parts respectively by 708'4, the 
Sum of the daily motions of the sin and moon at the given time, and 
‘gaultiply by 60 to reduce the results to nadis: aml] we find that Parigha 
en 26" 36% before, and will end 339 30% 4? after the given time. 

¢ vame yoyo. by which thix astrological perivd is called, 18 applied 
it, apparently, as designating the period during which the “sum” 
) of the increments in longitude of the sun and ineun amounts to a 
given quantity. It sceins an entirely arbitrary device of the astrologers, 
Mog neither a natural period nor a subdivision of one, not being of 
yuse that we can discover in determining the reiative position, or 


‘eapest of the two planets with which it deals, nor having any assignable 














-to the asterisms, with which it is atterupted to be brought into ° 
tion. «Were there thirty vogas, instead of twenty-seven, the 

fied would secin an artificial counterpart. to the lunar day, whickttin — 
the anbject of the next verse; being derived frum the sum, as the other. ° 
be difference, of the longitudes of the sun and moon. = 


+86, From the number of minutes in the longitude of the moon 
diminished by that of the sun are found the lunar days (thi), . 
‘Dy dividing the difference hy the portion (Lhoga) of a lunar day. ° 
Mattiply the minutes past and to come of the current lunar day 








xty, and divide by the difference of the daily motions of, 
Bag wO plancts: the result is the time in nédis, © |; es 


s... The tithi, or lunar day, is (see i. 13) one thirtieth of a lunar mom, - 
the time during which the moon gains in longitade upon. the. sae . 
hole revolution, or 300°: it is, therefore, the period during which 

e difference of the increment of longitude of the. swo Hanels Sngnnts? 


aes 
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an a " = 
to. Ba Oe 420, which arc, as stated in verse 64, in its portion (bhod 
‘To fm ‘the:current ‘lunar day, we divide by this amount the whole 
cess @f: thé}lengitnde of the moon over that of the stn at the gi 
time ;. and to*find the part past and to come of the enrrent day, we con- ° 
vert longitude ipto time in a manner analogous to that employed in the 
case of the yop 
Thue, to find the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon; the remainder is 25 29° 24, or 5864': dividing by 720, 
- it appears that the current Junar day is the eighth, and that 324! of its 
portion are traversed, Jeaving 396! to be traversed. Multiplying these 
numbers respectively by 60, and dividing by 675’ 38”, the difference of | 
the daily motious at the time, we find that 28" 46% 2P have passed stitees 
the beginning of the Junar day, and that it still has 359 10% 8? to Puneii 
~ The lunar days have, for the most part, no distinctive names, bit 
those of cach half mouth (poaksha—see above, under i. 48-51) are 
ealled first, second, third, fourth, ete. up to fourteenth. The last, or 
fifteenth, of each half has, however, a special appellation: that which 
cencludes the first, the light half, ending at the moment of opposition, 
ia called péurnamasi, pirnimi, pitrnamd, “day of full moen;” that 
which closes the month, and ends with the conjunction’ of the two 
planets, is styled amdedayd, “the day of dwelling together.” oO 
Each lunar day is farther divided into two halves, called kardna, aa 
appears from the next following passage. 





rr + 
67. The fixed (dhruva) karanas, namely cakuni, ndga, catyush-: 
pada the thfrd, and Avistughno, are counted trom the latter half 
of the fourteenth day of the dark hali-month. 

68. After these, the karanas called movable (cara), namely 
bava, etc., seven of them: cach of these karanas occurs eight 
times In a month. 

69. Half the portion (Jhega) of a lunar day is established gq 
that of the karanas.... — 


Of the cleven xaranas, four occur only once in the lunat month, 
while the other seven are repeated cach of them eight times to fill out 
the remainder of the month. Their names, and the numbers of the 
half lunar days to which each is applied, are presented below : 


id 


1. Kinstughna. rst. 


2, Bava and, oth, 16th, 23rd, 3oth, 37h, 44th, Sret. 
3, Balava. 3rd, roth, 17th, 24th, 31st, 38h, 45th, 5and. ni 
4: Kaulava. 4th, rth, 18th, 25th, and, Jgoth 46th, 53rd. 
5. Tatil. — Sth, 12th, 19th, 26th, 33rd, 4oth, 47th, 54th. 
6, Gara, 6th, ¢3th, 20th, atth, 34th, 41st, 48th, 55th. 
-» 9, Banij. 7th, 14th, 21st, 26th, 35th, 42nd, doth, 56th. 
i Visbti. Sth, 15th, 22nd, 29th, 36th, 43rd, 5oth, 57th. 
aR ‘Cakuni. 58th. 5 


, 30 Naga. 
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a qu . 


v i Sdrya-Sudhdnia, [ti 60 

"* Most of these names are. Ma obscure: the last three mean hawk”. 
eerpent,” and “quadruped.” Karena itself is, b derivation, “ factor, - 
cause :” in what sense it is applied to. denote these divisions-of the .- 
math, we do not know. Nor have we found anywhere sn; ey 
of the value and use of the karanas in Hindu astronomy or “astrology 

* The time which we have had in view in our other caléulations beta 
as is shown under the preceding passage, in the first half of the ei hth 
lunar day, i is, of course, in the fifteenth karana, which is named Vishti. - 

, The remaining half-verse is simply o winding-up of the chapter. | 


69. .... Thus has been declared the corrected (sphuta) mo- 
tion of the sun and the other planets. 


. The following chapter is styled the “chapter of the three i inquiries” 
Uripragnadhikare). According to the commentary, this means that it 
m Intended by the teacher as a reply to his pupil's inquiries respecti 
the three subjects of direction (dig), place (dera), and time (kala). 


v, 
aa” 


CHIAPTER IL. 


OF DIRECTION, PLACE, AND TIME. ‘ 


Conteyrs:—1-6, construction of the dial, and description of its parts; 7, the 
-measure of amplitude; 8, of the gnomon, hypothenuse, and shadow, any two 
being given, to find the third; 9-12, precession of the equigoxes; 12-13, the 
equinoctial shadow ; 13-14, tw find, from the equinoctial shadow, the latitude and 
co-latitude; 14-17, the sun's declination being known, to find, from a given 
shadow at noon, his zenith-distance, the latitude, and its sine and corine: 17, lati- 
tude being given, to find the equinoctial shadow, 17-20, to find, from the lati- 
tude and the sun's zenith-distance at noon, his declination and his true and mean 
.. ongitude; 20-22, latitude and declination being given, to find the noon-shadow 
“-and hypothenuse; 22-23, from the sun's declination and the equinortial shadow, 
- to find the measure of amplitude ; 23-25, to find, frown the cquinoctial shadow - 
and the measure of amplitude at any given time, the base of the shadow ; 25-27, 
to find the hypothenuse of the shadow when the sun is upon the prime vertical; 
97~28, the sun's decliuatiun and the latitude veing given, to find the sine and tbe 
gaeasure of amplitude ; 28-33, to fiud the sines of the altitude and zenith-distance 
of the sun, when upon the south-east and south-west vertical circles; 33-84, to 
_ a Migd the corresponding shadow and nypothenuse ; 34-36, the sun’s ascenglonal dif- 
“ ference and the hour-angle being given, to find the sines of his altitude and zenith: 
distance, and the corresponding shadow and hypothenuse ; 37-39, to find, bys 
process, from the shadow uf a given time, the sun's altitude and senith- 
distanen, and the hour-angle ; 40-41, the latitude and the sun’s amplitude being 
keown, to find his declination and truce lungitude, 41-42, to draw the path de- 
by the extremity of the shadow; 42-45, to find the arcs of right and 
que: ascension corresponding to the several signs of the ecliptic; 46-48, the 
fe Ydngitade and the time being known, to find the point ef the ecliptic which 
gpos the horizon, 49, the sun's longitude and the hour-angle being fatnatiap 
“'fieid- the point of the ecliptic which is upon the all i 
of time by means of these data. 










iii, 5.] Translation and ~— 95 
1, On a stony surface, made water-level, or upor hagd plaster, 
miade'level, there draw-an even circle, of a radius equal to any 
san ag = agree of the digits (angula) of the gnomon (canku). 
_ 2, AGite centre set up the gnomon, of twelve digits of the 
measure fixed upon; and where the extremity of its shadow 
touches the circle in the former and after parts of the day, | 
8. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (tii), a north and south line. 
4, Midway between the north and south directions draw, by 
a fish-figure, an east and west line: and in like manner also, by 
fish-figures (maisya) between the four cardinal directions, draw: 
the intermediate directions. "gaa 
5. Draw a circumscribing square, by means of the lines going . 
out from the centre; by the digits of its base-line biyjar Dra 
‘projected upon that is any given shadow reckoned. i 


In this passage is described the method of construction of the Hindu 
dial, if that can properly be called a dial which is without hour-lines, 
and does not give the time by simple inspection. It 18, as will be at 
once remarked, a horizontal dial of the simplest character, with a verti- 

“eal gnomon. This gnomon, whatever may be the length chosen for it, 
ia regarded as divided into twelve equal parts called digits (angula, 
“finger"). The ordinary digit is une twelfth of a span (vitasti), or one 
4wenty-fourth of a cubit (dasta): if made according to this measure, 
chen, the ynomon would be about nine inches Ieng. Doubtless tho first 
gnomons were of such a length, and the rules of the gnomonic science 
were constructed accordingly, “twelve” and “the gnomon” being used, 
as they are used evervwhere in this treatise, as convertible terms: thus 
twelve digits became the unvarying conventional lenzth of the staff, and 
all measurements of the shadow and its hypothenuse were made to cor- 
respond. lfow the digit was subdivided, we have nowhere any hint, 
In determining the directions, the same method was emplored which is 
still in use; namely, that of marking the points at which the extremity 
of the shadow, before and after noon, crosses a circle described abont 
the base of the gnomon; these points being, if we suppose the sun’s 
» declination to have remained the same during the interval, at an equal 
diatance upon cither side from the meridian line, In order to bisect the 
line joining these points by another at right angles to it, which wilkbe., 
the meridian, the Hindus draw the figure which is called here the “ fish” 
(matsya or timé); that is to say, from the two exiremities of the line in 
uestion as cuntres, and with a radius equal to tie line itself, stos of: 
cjrcles are described, cutting one another in two points. The lentiowfar 
figure formed by the two arcs is the “fish ;” through the pointerof 
intersection, which aré‘ called (in the commentary) the “ mouth 
“ taik” a line is drawn, which is the one required. The meridian being ~ 
thus determinod,phe east and west line, and those for the intormedis 
points of directions, are laid down from it, by a repetition of the sanie 
process. - A square;{eqiurasra, “having four corners”) is then farther 





Bes | | Pig lca - [iii. 5~ 
_Gecribed about ‘the general centre, or about a cinhla drawn about thas. 
*~gentre, the éastern and western sides of which ate divided into digits; 
” -ite use is, to aid in ascertaining the “ base” (bkuja) of any given Ais 
which is the value of the latter when projected upon a nostigugaes: 
Jine (see below, vv. 23-25); the’square ia drawn, a3 explained by 
eommentary, in order to insure the correctness of the projection, by a 
Hine strictly parallel to the cast and west line. 
_ The figure (Fig. 9) given below, under verse 7, will illustrate the form 
of the Hindu dial, as described in this passage. — 
", The term used for “ guomon” is ganku, which means simply “ staff,” 
For the shadow, we have the common word chdydé, “shadow,” and algo, 
in many places, prabhé and 6hé, which properly signify the very oppo- 
- ‘gite.of shadow, namely “ light, radiance :” it is diflicalt to see how they 
”, agfald come to be used in this sense; so far as we are aware, they are 
’ gpiplied to no other shadow than that of the gnomon. 















; The east and west linc is called the prime vertical (sama- 
dala); it is likewisc denominated the east and west hour 
(unmandala) and the equinoctial circle (vishuvanmandala). 


‘+ Bho line drawn east and west through the base of the gnomon may 
be-regarded as the line of common intersection at that point of threé 
great circles, as being a diameter to cach of the three, and as thus enti- 
tled to represent them all, These circles are the ones which in the last 
ite. (Fig. 8, p; 88) are-shown projected in their diameters ZZ’, Pa, 
feet the centre C, in which the diameters intersect, is itself the’ 
icy. of the line in question here. ZZ' represents the prime verti- 
aedtyled samamandala, literally “even circle :” 1” is the 
4; OFtircle of declinatign, which passes through the east and 





















howe 


















weet -points of the observer's horizon; it is called unmendala, “ up-cir- 

cle”-that, s-to aay, the circle which in the obliqne sphere is clevated ; 

BR Amaily, the equator, has the name of vishuvanmandala, ov vishuvad- 

ar ti: “Somele of the eqninoxes;” the equinoctial points themselves 
+ dasotninated 


‘Pore @aominated ae or oe tate may be rendered “ point 
ofsemial separation. e same line of the dial night be regarded as 
a waireaéntative in like. manner of a fourti: circle, that of the: horizon 
are: rajected, in- the figure, in SN: lence the commentary adds 
ste Sie three; it is omitted in tho text, perhaps, because itis 
seepewed -by the whole circle drawn about the base uf the gnomon, 
- S94 not by this diameter alone. : 
.mhe-specifications of this verse, especially of the latter half of it, are 
of little practical importance in the treatise, for there hardly arises & 
‘ #ease,;4n atty of its calculations; in which the cast and west axis of tlie 
i to be taken as standiug for these circles, ar any one of them, 
In drawing the base (bhuja) of the shadow, indeed, it does a eg the 
plane of the prime vertical (sec below, under yy. 23-26); but this is 
¥,Hotdistinctly stated, and the name of the prime vertical: (samamegdala) 
curs ja atly one other passage (below, v.26): the aast and weat hour-., 
$a. (uamandala) is ‘nowhere referred to again: aw the equator, as 
be seen under the next verse, is properly represented on the digi, 
not by ite exst and west axis, but by thgjline of:§ uinoctial shados,’. 















CY 
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s’ 7, Draw tikewise an east and west-littethrough the-extremity - 
he,equinoctigl sliadow (vishuvadbhd); the interval between 
diver shadow and the line of the equinoctial’ shadow is de: 

aimmeee the measure of amplitude (agr@). 









The equinoctial shadow is defined in a subsequent passage (vv. 12, 
13); it's, as we have already had occasion to notice (ander ii. 61-68), 
the shadow cast at mid-day when the sun is at either equinox—that is 
to say, when he is in the plane of the equator. Now as the equator is 
a citcle of diurnal revolution, the line of intersection of its plane with 
that of the horizon will be an east aud west line; and since it is also a. 
great circle, that line will pass through the centre, the place of the @b> 

. server: if, therefore, we draw through the extremity of the equinqgay 
shadow a line parallel to the east and west axis of the dial, it will Aajyes 
sent the intersection with the dial of an equinoctial plane pase 
through the tup of the guomou, and in it will terminate the lines dilirg 
through : that point from any point in the plane of the equator Fame 
hence, it will also coincide with the path of the extremity of the shigm 
on the day of the cyuinox. Thus, let the following figure (Fig. 9} Tep-: 
resent the plane of the dial, NS and E W being its twg,ascs, and pike 
base of the gnomon: and let the shadow cast at noon when the sag.is 
upon the equator be, ; . 
in u given latitude, Fig. 9. 
be: then be ia thie 
equinoctial shadow, 

rite QQ’, drawn 
throughi e and paral- 
lel to EW, Phe 
path of the equinoc- 
tial shadow, being 
the line in which a 
ray of the sun, from 
any point inthe plane 
of the equator, pass- 
ing through the top 
of the gnomon, will 
meet the face of the 

‘lial. In the figure 

ns given, the circle ae. 
is supposed to be described about the base of the gnomon with a-ré 


-of forty digits, and the graduation of the eastern and weatern of tant 










the circumscribing square, used in measuring the base (kuja) of 
shadow, is indicated: the length given to the equit rctial shadow. ; 
sponds to that which it has in the latitude of SV uabington: OR Sot 

It .is -not, however,,on account of the coincidence of QQ with: 
path" of the oquinoctinl.shadow that it is directed to be peranalivaly. 
. drawn upon the dial-face: it use ia to determine for any givesiéashad 

its agrd, or meaiare of amplitude. Thus, let d,dd', &&, b1, bm, ee 
shadows cast by the gnomon, under various conditions of time and dec- 
Fmation : then the*diatance from the extremity of ench of them to the 
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line of ‘the equinoctial shadow, or de, d'é, Fe!, le’, me” respectively, is 
denominated the agré of that shadow or of that time. ie P 
«»~Lhe term agré we have translated “measure of amplitude,” Because 
3 does in fact represent tlie sine of the sun’s umplitude—undefetanding 
by “amplitude” the distance of the aun at rising or setting from the 
east or west point of the horizon—varying with the hypothenuse of the 
shadow, and always maintaining to that hypothenuse the fixed ratio of 
the sine of amplitude to radius. That this is so, is assumed by the text 
in.its treatment of the eyré, but is nowhere distinctly etated, nor is the 
commentator at the pains of demonstrating the principle. Since, how- 
ever, it is vot an immediately obvious one, we will take the liberty of 
giving the proof of it. | 
; gaa the annexed figure (Fig. 10) let C represent the top of the guomor, 
and let K be any viven position of the sun in the heavens. From K 
gw KB’ at right angles to the plane of the prime vertical, meeting that 


h Fe ; Fig. 10. 





‘plane in Fy, and let the point of its intersection with the plane of the 
équator be in Ef. Join RC, EC, and I¥C. Then KC is radius, and 
EK ia equal to the sine of the sun's amplitude: for if, in the sun's 
daily sevelutines the point K is brought to the horizon, E’ 15’ will disap- 
_'pear, KE’ C will become a right angle, K CE’ will le the amplitude, 
‘ami EY K its sine; but, with a given declination, the value of ELK re- 
“mains always the same, since it is a line drawn in a constant difection 
béEween two parallel planes, that. of the circle of declination and that of 
the equator. Now conceive the three lines intersecting in.C to be pro- 
duced until they mect the plane of the dial in 5’, ¢, and & respectively ; 
‘thede three points will be in the same straight line, being in the lino of 
_ intersection with the horizon of the plane K B’C produced, and this 
, line, 6’ %, will be at right angles to BY’ 4‘, since it is the line of interseé- 
‘tion of two planes, each of which is at right angles to the plane of the 
“printe vertical, in which 13/0 lica. K 3’ and && are therefore paraltel, 
and the triangles C E/ K and Ce’ & are similar, and ek: C#:: EK: CK, 
’ But C & is the hypothenuse of the shadow at the given time, and.# & is 
atthe “agrd, or measure of amplitnde, since e¢, by what was said abdve, is 
“fap the. line of the equinoctial shadow; therefore meas. anipl.: hyp. - 
hei: :ein ampl.:R. Hence, if the declination and ae latitude, wh 
rdetermine the sine of amplitade, be given, the messuro.. 
amplitude will vary with the hypothenuse of: thé shadow, and tg. 


oe ee: 
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measure of amplitude of any given shadow will be to that of any other, 
. as the bypothenuse of the former to that of the lmtteri’”... "i 
Thesletiering of the above figure is made to co nid; ab nearly as 
may be; wath that of the one preceding, and also with that‘of-thé.one . 
given later, under verses 13 and 14, in either of which the relations of 
the problem may be farther examined. os 
There are other methods of proving the constancy of the ratio béeue 
by the measure of amplitude to the hypothenuse of the shadow, but we 
have chosen to give the one which seemed to us most likely to be that 
by which the Llindus themselves deduced it. Ont demonstration:-is-in, 
one respect only liable to objection as representing a Hinda precette- 
it is founded, namely, upon the comparison of oblique-angled triamples; 
‘which elsewhere in this treatise are hardly employed at. all. +736iih. 
although the Ilindus bad no methods of solving problems cxeegitieg 
in right-angled trigonometry, it ix hardly to be supposed that thepage-s 
frained from deriving proportions from the similanty of oblique-anghies: 
triangles. The principle in question adinits of being proved by aggaiais * 
of right-angled triangles alone, but these would Le situated in di faent 
lancs. - ee “f 
Why the line on the dial which thas measures the san’s amplignde? 
a called the agrd, we have been unable thus far to discever.,:T' 
“a feminine adjective (belonging, probably, to rekAd, “line,” underaiep 
literally means “ extreme, first, chief” Possibly it may be in somaty 
connected with the use of antyd, “final, lowest,” to designate. ig: ti 
Bg or EG (Fig. 8, p. 88): see below, under v.95. The sine ¢f-atepht° 
tude itself, aC.or AC (Fig. 8), is called below (vv..27-80} anniiaic ys © 


8. The square root of the sum of the squares of the cmt 
and shadow is the hypothenuse: if from the square of the Witter — 
the square of the gnomon be subtracted, the square root of the* 
remainder is the shadow: the gnomon is found by the converse 
process. ae 























“ me 


This is simply an application of the familiar rule, that in a right- 
angled triangle the square of the hypothenuse is equal to the sam of - 
the squares of the other two sidcs, to the triangle produced by the 
gnomon as perpendicular, the shadow as base, and the hypothenuse of 
the shadow, the line drawn froin the top of the gnomon to the extrem- 
ity of the shadow, as hypothenuse. Se valeil 

Tho subject next considered is that of the precession of the equinages. 


}. 9. In an Age (yuga), the circle of the astcrisms (bia) fale, 
back eastward thirty score of revolutions. Of the result obs 
‘tained after multiplying the sum of days (di ngana) by this.nui 
ber, and dividing by the number of natural days in an Age, - 
40. Take the part which determines the sine, multiply ig by 
thrée, and divide 7 ten , _ are oo the oh calledtbene 
of the ion (ayana). From the longitude of.a planet.as - 
corrected by these are to be calculated the declination, shader, 


pg Pocnsionaltifference (caradala), etc. 





‘ Lt 
. 

2 
™ 


380 Sarya-Suldhanta, iii. L1- 


wee A 
_7#: The circle, as thus corrected, accords with its observed 
e at the solstice (ay@nu) and at either equinox; it has moved 
seastward, when the longitude of the sun, as obtained by calcu- 
<Jation, is less than that derived from the shadow, . 
12. By the number of degrees of the difference; then, turning 
_ back, it has moved westward by the amount of difference, when 
the calculated longitude is greater. ... 


Nothing could well be nore awkward and confused than this mode of 
stating the important fact of the precession of the equinoxes, of de- 
scribing its method and rate, and of directing how its amount at any 
time is to be found. The theory which the passage, in its present form, 
is actually intended to put forth 1s as follows: the vernal equinox librates 
westward and castward from the fixed point, near > Piscium, assumed as 
the commencement of the sidcreal sphere-—the lnnits of the libratory 
movement being 27° in either direction from that point, aud the time 
of 4 complete revolution of hbration being the six-hundredth part. of 
the period called the Great Age (see above, under 1, 15-17), or 7200 

. years; so that the annual rate of motion of the cquinox is 54”. We 
" will examine with some care the languaye in which this theory is con- 
: veyed, as important results are believed to be deducible from it. 
.. She first half of verse 9 professes to teach the fandameutal fact of the 
* Yaotion in precession. ‘The words Ladnam cakram, which we have ren- 
dered “circle of the asterisma,” i. ¢., the fixed zodiac, would admit of 
Seing translated “circle of the signs,” ice. the movable zodiac, as 
reckoned from the actual equinox, since dha is used insthis treatise in 
either sense. ut our interpretation Is shown te be the correct one by 
the directions given in verses 1] and 12, which teach that when the sun's 
4. calculated longitude—-which is his distance from the initial point of the 
‘fixed epherc—is less than that derived from the shadow by the process 
. to be tanght below (vv. 17-19)—which is his distance from the equinox 
' =the circle has moved eastward, and the contrary: it is evident, then, 
fiat the initial point of the sphere ix regarded as the movable pvint, 
wand the equinox as the fixed one. Now this is no less strange than in- 
“@onsistent with the usace of the rest of the treatice. Elsewhere £ Pis- 
cium is treated as the one established limit, from which all motion com- 
menced at the creation. and by reivrence to which all motion is re¢koned, 
while here it is made secondary tu a point of which the position among 
the: atars is constantly shifting, and which hardly has higher value thay 
a node, as which the Hindo astronomy in general treats it (see p. 86). 
‘The word used to express the motion (dambate) is the same with that: 
;@@yployed in a former passage (i. 25) to describe the castward motion of 
the planets, and derivatives of which (as lamba, lambana, etc.) are not 
infrequent in the astronomical language ; it means literally to “lag, hang 
. back, fall behind :" here we have it farther combined with the prefix 
pari, © about, round abont,” which seems plainly to add tho idea-of a 
: complete revolution in the retrograde direction indicated by it, and we 
ure translated the line accordingly. This versé, i sre no hint 
ft @ libratory movement, but rather the distings statemeng-of a contin- 
vous’ eastward revolution. It should be, noticed, forth eaphough th: 
. a , J 
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circumstance is one of less significance, that the form in which" the 
number of revolutions is stated, tringatkriyas, “ thirty twenties, “has no 
parallel in the usage of this Siddhdnta elsewhere. ot cam 

We may also mention in this connection that Phéskara, thé great -- 
Hindu astronomer of the twelfth century, declares in his SiddhAnta- 
Ciromanit (Goladh., vi. 17) that the revolutions of the equinox are given 
by the Sdrya-Siddhanta as thirty in an Age (sce Colebrooke, As. Res., 
xii. 209, etc.; Essays, ii. 374, ete, for a full diseussion of this passage 
and its bearings); thus not only jnoring the theory of libration, but . 
giving avery different number of revolutions from that presented by our - 
text. As regards this latter point, however, the change of a single letter. 
in the modern reading (substituting érincatkrtvas, “thirty times,” fot 
tringulkrtyas, “thirty twenties”) would make it accord with Bhaskara’s 
statement. We shall return again to this subject. . 

The number of revolutiontit cf whatever kind they may be, being 600. 
in an Aye, the position at any given tine of the initial point of thé:: 
sphere with reference to the equinos is found by a proportion, as follows 
as the number of davs in an Age is to the number of revolutions in the 
sain. periad, so is the given “sum of dave” (sce above. under 1. 48-61) ° 
to the revolutions and parts of a revolution aecomplished down to the 
given time. Thus, let us find, in illustration of the process, the amoust 
of precession on the first of January, 1860. Since the number of years 
elapsed before the bepiuming of the present Iron Age (kali yuga) is di- 
visible by 7200, it ix unnecessary to make our ealeulation from the com--. 
mencement of the present order of things: we may take the sum df ° 
days since the current Age began, which is (see above, under i, 88) 
1,811,045. Hence the propertion 


1597.17, 828d : Guorey 2811 g {5d : orev 248° 2° 8.9 


gives us the portion accomplished of the curtent revolution. Of this 
we are now directed (v. 10) to take the part which determines the sing _ 
(dos; or bhnja—tor the origin and ieaning of the plirase, see above, 
under il. 29, 30). This direction determines the character of the motiga,, 
as libratory. For a motion of 91°, 92°, 93°, ete, gives, by it, a precegs.. 
sion of 89°, 88°, 87°, ete.; so that the movable point virtually retarnas 
upon its own track, and, after moving 180°, has reverted to its startin 
place. So its farther motion, from [80° to 270%, gives a sipecessiad te: 
creasing from 0° to 90° in the opposite direction; and this, again, is 
reduced to 0° by the motion from 270° to 360% It is as if the second 
and third quadrants were folded over upon the first aud fourth, so that 
the movable point can never, in any quadrant of its motion, be mogg. 
than 90° distant from the fixed equinox. Thus, in the Instance i 
the bhuja of 248° 2/ 8.9 is its supplement, or 68° 2/8".9; the first — 
180° having only brought the caoeabls point back to its original. posj 
tion, its present distance from that position is che excess ove ee 
of the are obtained as the result of the first process. But this distance 
we@ie now farther dirceted to multiply by three and divide by tep: 
this is equivalent to reducing it to the measure of an arc of 27°, inatead 
:of 90°, as the quadrant of libration, since 3: 10 :: 27 : 90. This helig 
done, we fingthe ‘actual distance of the initial point of the sphere from 
dighe ‘equinox@p ‘the fgg: of Janeary, 1860, to be 20° 24 887.87. * 
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ie Bi question now arises, in which direction is the precession, thus’ 
sthertiived, to be reckoned? And _ here especially is brought to light 
‘the awkwardness and insufficiency, and even the inconsistency, of the 
: process as taught in the text. Not only have we no rule given which 
urnishes us the direction, along with the amount, of the preccssional 
movement, but it would even be a fair and strictly legitimate deduction 
from verse 9, that that movement is taking place at the present time in 
an opposite direction from the actual one. We have already remarked 
above that the last complete perivd of libratory revolution closed with 
the close of the last: Drazen Age, and the process of caleulation has 
shown that we are now in the third quarter of a new period, and in the 
third quadrant of the current revolution. Therefore, if the revolution 
is an eastward one, as taught in the text, only taking place upon a folded 
cirele, so as to be made Jibratory, the present. position of the movable 
point, ¢ Piscium, ought to be to the wodbot the cqyuinox, instead of to 
the cast, as it actually is. It was probably on account of this unfortu- 
nate flaw in the process, that no rule with regard to the direction was 
given, excepting the experimental une contained in verses 11 and 12, 
which, nioreover, is uot properly supplementary to the preceding rules, 
put rather an independent method of determining, from obsersation, both 
the direction and the amount of the precession. In verse 12, it may be 
remarked, in the word d@erfya, “turning back,” is found the only distinct 
intimation to be discovered in the passaye of the character of the motion 
as libratory. ; 
rq, We have already above (under ii. 28) hinted our suspicions that the 
henomenon of the precession was made no account of in the original 
composition of the Sirya-Siddhdnta, and that the notice taken of it by 
the treatise as it is at present is an afterthought: we will now proceed 
to expose the grounds of those suspicions, 

It 1s, in the first place, upon record (sce Colebrooke, As, Res, x11. 215 ; 
Essays, ii. 380, etc.) that. sume of the carliest Hindu astronomers were 
ignorant of, or ignored, the periodical motion of the equinoxes; Bralma- 

papta himeclf is mentioued among those whose systems took nu account 
Of it; it is, then, not at all impossible that the Sarya-Siddhanta, if an 
‘ancicnt work, may originally have done the same. Among the positive 
evidences to that effect, we would first direct attention to the significant 
“fact that, if the verses at the head of this note were expunged, there 
would not be fount, in the whole body of the treatise besides, a single 
bint of the precession. Now it is nev a little difficult ta suppose that a 
‘phenomenon of so much consequence as this, and which enters as an 
‘gglement into so many astronomical processes, should, had it been borne 
distinctly in mind in the framing of the treatise, have been hidden away 
thus in a pair of verses, and unacknowledged elsewhere—uno hint being 
given, in connection with any of the processes taught, as to whether 
the correction for precession is to be applied or not, and only the gen- 
otal directions containcd in the latter half of verse 10, and ending“with 
;an “ete.” being even here presented. It has much more the aspect of 
gh after-thought, a correction found necessary at a date subsequent 

Se original comppsition, and therefore inserted, with orders to “appl 


waerever it is required.” The place where the subjeck:ia introduces 
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looks the same way: as having to do with a revolution, as entering tite - 
the calculation of mean longitudes, it should have found a place where _. 
such matters are treated of, in the first chapter; and even in the second -: 
chapter, in connection with the rule for finding the declination, it would - 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies are given, in terms 
dependent upon their times of revolution, snch an orbit is assigned to 
the asterisms (v. 88) as implies # revolution once in sixty years: it is, 
indeed, very difficult to sec what can have been inteuded by such a régo- 
lution as this; but if the doctrine respecting the revolution of the .: 
asteriams given in verse 9 of this chapter had been in the mind of the 
author of the twelfth chapter, he would hardly have added another and 
a conflicting statement respecting the same or a kindred phenomenon. 
It appears to ua even to admit uf question whether the adoption by the 
Hindus of the sidereal year as the unit of time does not imply a failure 
to recognize the fact that the equinox was variable. We should expect, — 
at any rate, that if, at the outset, the ever-increasing discordance be- 
tween the solar and the sidercal year had been fully taken into account 
by them, they would have more thoroughly established and defined the - 
relations of the two, and made the precession a more conspicuous feature 
of their general system than they appear to have dune. In the con- 
struction of their cosmical periods they have reckoned by sidercal years 
only, at the sume time asst ning (as, for instanee, above, i. 13, 14) that. 
the sidereal vear is compo: dl of the two ayanaa, “ progreases” of the, ° 
stn from solstice to solstice The supposition of an after-correctieag® 
likewise xeoms to furnish the most satisfactory explanation of the forth 
given to the theory of the precession, The system having been first 
constructed on the assumption of the equality of the tropical and slae- 
real years, When it began later to appear, teu plainly to be disregarded, 
that the equinox had changed its place, the question waa how to intro- 
duce the new element. Now to assivu te the equinox a complete revo- 
lution would derange the whole system, acknowledging a different nam- 
ber of solar from sidereal years in the chronological periods; if, however, _ 
a libratory motion were asstmed, the equilibrium would be maintained,” 
since what the solar year lost. in one part of the revolution of libration 
it would gain in another, and so the tropical and sidereal years would 
coincide, in number and in limits, in each great period. The circum- 
stance which determined the limit to be assigned to the libration we 
conceive to have been, as suggested by Bentley (Ifind. Ast., p. 132), that 
the earliest. recorded Hindu year had been made to begin when the sun 
entered the asterism Krttika, or was 26° 40’ west of the point fixed . 
upon as the commencement of the sidereal sphere for all time (ste 
above, wnder i. 27), on which account it was deai ‘able to make the arc 
of libration include the beginning of Krttika. Yo 
poe these considerations, drawn from the general history of the 
Hinén astronomy, and the position of the element of the preceaston in 
the system of the Shrya-SiddhAnta, we have still to nrge the blind and 
‘yincoherent, as well as unusual, form of statement of the phenomenod, 
as fully exposed above. There is nothing to compare with it in this 
respect in ni other part of the treatise, and we are unwilling to believe 
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that in the original composition of the SiddhAnta a clearer explanation, 
and one more consistent in its method and language with those of the 
treatise generally, would not have been found for the subject. We even 
discover evidences of more than one revision of the passage. The first 
half of verse 9 so distinctly.teaches, if read independently of what fullows 
it, a complete revolution of the equinoxes, that, especially when taken in - 
connection with Bhaskara’s statement, as cited above, it almost amounts 
to proof that the theory put forth in the Sairya-SiddhAnta was at one 
time that of a complete revolution. The same conclusion is not a little 
strengthened, farther, by the impossibility of deducing from verse 9, 
through the processes prescribed in the following verses, a truco expres- 
sion for the direction of the movement at present: we can see no reason 
why, if the whole passage came from the same hand, at the same time, 
this difficulty should not have been avoided; while it is readily explain- 
able upon the supposition that the libratory theory of verse 10 was 
added as an amendwent to the theory of verse 9, while at the same 
time the language of the’ latter was left as nearly unaltered as possible, 

There scems, accordingly, suflicient ground for suspecting that in the 
Sorya-Siddhanta, as originally constituted, no account was taken of the 
precession; that its recognition is a later interpolation, and was made 
at firat in the furin of a theory of complete revolution, being afterward 
altered to its present shape. Whether the statement of Dhaskara truly 
represents the earlier theory, as displayed in the Sirya-Siddhauta of his 
time, we imust leave an undetermined question. The very slow rate 

agsigned by it to the movement. of the equinox—ouly.9”" a year—throws 

a doubt upon the matter: but it must be borne in Mind that, so far as 
we can ace, the actual amount of the precess¥ sinee about A. 1), 570 
(see above, undir i. 27) might by that first theory have been distributed 
over the whole duration of the present Age, since B.C, 8102, 

In his own astronomy, Bhaskara teaches the complete revolution 
of the equinoxes, giving the number of revolutions ino an Afon (of 
4,320,000,000 years) as 199,669; this makes the tine of a single reyo- 

Jjution to be 21,f35.8073 years, and the yearly rate of precession 

_ $9".9007. It is not to be supposed that he considered himself to have 
determined the rate with such exactness as wouli cive precisely the odd 

gpumber of 199,669 revolutions to the zon; the number doubtless 

“stands in some relation which we do not ut present. comprehend to the 
other elements of his astronomical system. Bh&skara’s own commenta- 
tofs, however, reject his theory, and hold to that of a libration, which 
has been and is altogether the prevailing doctrine throughout India, and 
seems to have made its way thence into the Arabian, and even into the 
early European astronomy (see Colebrooke, as above). 

Bentley, it may be remarked here, altogether denies (IIind. Ast., p. 

~ 130, ete.) that the libration of the equinoxes is taught iu the Sarya- 
Siddhanta, maintaining, with arrogant and unbecoming depreciation of 
those who ventare to hold a different opinion, that its theory is that of 
a‘continuous revolution in an epicycle, of which the cireumference is 
equal to 108° of the zodiac. In truth, however, Bentley’s own theor 
derives no color of support from the text of the SiddbAnta, and is besides 
in itself utterly untenable. It is nop a little strange that he should not. 
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have percsived that, if the precession were to be explained bya rownla: | 
tién in an epieyelo, its rate of increase would not be equable, but as the 
inetement of the sine of the arc in the epicycle traversed by the mova-- 
ble point, farther varied by the varying distance at which it would be ~ 
secn from the centre in differcnt parts of the revolution; and also that, 
the dimensions of the epicycle being 108°, the amount of precession - 
would nevor come to equal 27°, but would, when greatest, fall shortiof . 
18°, being determined by the radius of the epicycle. Bentley’s-whale . 
treatment of the pasaage shows » thorongh misapprehension of its-mésii- _ 
ing an relations: le even commits the blunder of understanding .the - 
first half of verse 9 to refer to the motion of the equinox, instead of to - 
that of the initial point of the sidereal sphere. ~ 

Among the Greek astronomers, Hipparchus is regarded’ aa the first 
who discoveredl the precession of the equinoxes; their rate of motion, — 
however, seems uot to have been confidently determined by hi 
although he pronounces it to be at any rate not less than 36” yearly. -3 
For a thorough discussion of the subject of the precession in Greek 
astronomy sce Delambre’s [listory of Ancient Astronomy, ti. 247, ete. . 
From the observations reported as the data whence Ilipparehus made 5 
his discovery, [elambre deduces very nearly the true rate of the preces- 
sion. J’tolemy, however, was so unfortunate as to adopt Tor the rao 
rate Llipparchus’s minimum, of 36” a year: the subject is treated‘ef by 
hin in the seventh hook of the Syntaxis. The actual motien,of the. 
equinox at the present time is 50.25 5 its rate Is slowhy on the merease, 
having been, at the epoch of the Greck astronomy, somewhat less thaje 
60”, How the Hindus suceceded in arriving at 1 determination of it so 
much more accurate than was made by the great Greck astronomer, or 
whether it was anything more than a lucky hit on their part, we-will 
not attempt here to discuss. 

The term by which the precession is designated in this passage is 
ayaudnga, “degrecs of the ayana.” The latter word is employed: in* 
different senses: by derivation, it means simply “ guing, progress? and ; 
it seems to have been first introduced into the astronomical language ta - 
designate the half-revolutions of the sun, from solstice to solstice ; thege *' 
being called respectively (sce xiv. 9) the etéardyana and dakshindyana, 
“northern progress” and “southern progress.” From this use the worgg; 
was transferred to denote also the solstices themselves, as we have t 
lated it in the first half of verse 11, In the latter sense we conceive 
it to be employed in the compound ayandnga ; although why the name 
of the precession should be derived from the solstice we are unable 
clearly to see. The term Ardntipdtayat:, “movement of the node of 
declination,” which is often met with in modern works on Hinda astron- 
oly, doos nut occur in the Sirya-Siddhanta. : 


12.... In like manner, the equatorial shadow which ‘is’ cast 
at, mid-day at one’s place of observation ae 
18. Upon the north and south line of the dial—that jg the 
,equinoctial shadow (vishuvuiprab/ii) of that place, . .”. ; 
The equinoctial ‘shadow has been already snfficiently explained, in 
‘connection. yith a preceding passage (above, v. 7). -In this treatise it is ; 
14 


eu 
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known only by names formed by combining ono of the words for 
shadow (chayd, bhd, prabha), with vishuvat, “equinox” (see above, 
under v. 6). In modern Hindu astronomy it is also called akshabhd, 
“shadow of latitule”—i. «, which determines the latitude—and pala- 
bhad, of which, as used in this sense, the meaning is obscure. 


13.... Radius, multiplied respectively by gnomon and shadow, 
and divided by the equinoctia) hypothenuse, 

14. Gives the sines of co-latitude (lamba) and of latitude 
(aksha): the corresponding ares are co-latitude and latitude, 
always south. ... 


The proportions upon which these rules are founded are illustrated 
by the following figure (Fiv. 11), in which, as in a previous figure (Fig. 
8, p. 88), ZS represents a quadrant of the meridian, Z being the zenith 
and S the south point, Fig. 11. 

.C© being the centre, 
and EC the projec- 
tion of the plane of 
the equator. In order 
to ice iy the cor- 
reapendiog relations 
of it Bal, we have 
conceiv8a the gno- 
mon, C 4, to be placed 
at the centre. Then, 
when the sun is on 
the meridian and in 
the equator, at E, the 
shadow cast, which is 
the equinoctial shad- 
“lovegde. be, while Ce in the corresponding hypothenuse. But, by simi- 
of triangles, 





Cerbe::CEIBE 
and Ce: Cor: CECB 
and as GE is the sine of EZ, which equal: the latitude, and CB the 
ggine of ES, ite complement, the reduction ot these proportions to the 
form of equations gives the rules of the teat. 


14.... The mid-day shadow i» the base (bhuja); if radius be 
multiplied by that, 

15. And the product divided by the corresponding i dala 
nuse, the result, converted to are, is the sun’s zenith-clistance 
(nata), in minutes: this, when the base is south, 1s north, and 
when the base is north, is south. Of the sun’s zenith-distance 
and his declination, in minutes, 

16. Take the sum, when their direction is differont—the dif- 
ference, when it is the same; the result is tho latitude, ing 
minutes, Krom this find the sine of latitude; subtract its® 
square from the square of radius, and the square-root of the re- 
.maginder 
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17. Is the sine of co-latitude. ... 


This passage applies to casca in which the sun is not upon the equator, 
but has a certain declination, of which the amount and direction aro 
known, Then, from the shadow cast at noon, may be derived his zenith- 
distance wlien upon the meridian, and the latitude. Thus, supposing 
the sun, having north «declination ED (Fig. 11), to be upon the meridian, 
at D: the shadow of the gnomon will be bd, and the proportion 

Cd: dbs: CD: DBM 

gives 1) B’’”, the sine of the sun’s zenith-distance, ZD, which is found 
from it by the conversion of sine into are by a rule previously given 
(ii. 33). ZW) in this case being south, and ED being north, their sum, 
Ie Z, is the latitude: if, the declination being south, the sun were at 1», 
the difference of EL! and Z 1) would be EZ, the latitude. The figure 
does not give an illustration of north zenith-distance, being drawn for 
the latitude of Washington, where that is impossible. The latitale - 
being thus ascertained, it is easy to find its sine and cosine: the only 
thing which deserves to be note in the process is that, to find the co- 
sinc from the sine, resort is had to the laborious method of syuares, 
instead of taking from the table the sinc of the complenrentaty are, or 
tho kotijyd. 

The sun’s distance from the zenith when he is upon the meridian is 
called natas, “deflected,” an adjective belonging to the noun liptds, “mins 
utes,” or bhégds, ancds, “ deyrees.” The same teri is also employed, as. 
will be seen turther on (vv. 34-36), to designate the heur-angke, For 
zcnith-distance off the meridian another term is used (sce below, v. 33). 


17.... The sine of latitude, multiplied by twelve, and divi- 
ded by the sine of co-latitude, vives the equinoctial shadow... . 
That is (Ii. 11), 
BC: DE::Cé:be ioe 
the value of the enomon in digits being substituted in the rule’for the 
ghumon itself. 


17.... The difference of the latitude of the place of observa- 
tion and the sun's ieridian zenith-distanee in degrees (nala-, 
bhdgds), if their direction be the sune, or their sun, : 

1S. If their direction be different, is the sun’s declination: if 
the sine of this utter be inultiplied by radius and divided by the 
sine of preatest declination, the result, converted to arc, will be 
the sun's longitude, if he is in the quadrant commencing with 
Aries ; 

19. If in that commencing with Cancer, s "htract from a half- 
circle; if'in that commencing with Libra, add a halt-eircle; if in 
that commencing with Capricorn, subtract from a circle: the re- 
sult, in each case, is the truce (sphiuda) longitude of the sun at 

: @ 


rid-day. 

20. To this if the equation of the apsis (mdnda phala) be 
repeatedly applied; with a contrary sign, the sun’s mean longi- 
tude will be found. ... 
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. MPhig passage teaches how, whon the Jatitude of the observer is. 
kerwn, the sun’s declination, and his true and mean longitudes, may be: | 
found by observing his zenith-distance at noon. The several parts of’ 
the process are all of them tho converse of processes previously given, 
-and require no explanation, To find the snn’s declination from his 
meridian zenith-distance and the latitude (reckoned as south, by v. 14), 
‘the rule given above, in verses 15 and 16, is inverted; the true longitude 
ia found from the declination by the inversion of the method taught in 
fi. 28, account being taken of the quadrant in which the sun may be 
according tu the principle of 17.30: and finally, the mean may be do- 
rived from the true longitude by a method of successive approximation, 
applying in reverse the equation of the centre, as calculated by ii. 39, 

It is hardly necessary to remark that this is a very rough process for 
ascertaining the sun’s longitude, and could vive, especially in the hands 
of Hindu observers, results ouly distantly approaching to accuracy. 


20.... The sum of the latitude of the place of observation 
and the sun’s declination, if their clirection is the same, or, in the 
coutrary case, their difference, 

21. Is the sun’s meridian zemth-distanee (netdueis); of that 
find the base-sine (bahujy7) and the perpendicular-sine (Aotijyd). 
If, then, the base-sine and radius he multiplied respectively by 
the measure of the gnomon in digits, 

22. And divided by the perpendicular-sine, the results are the 
shadow anid hypothcnuse at mid-day. ... 


The problem here ix to determine the leneth of the shadow which 
will be cust at mid-day when the stn has a given declination, the latitude 
of the observer being also known. First, the sun's meridian zenitl-dis- 
tance 18 found, by a process the converse of that taught in verses 15 and 
16; then, the corresponding sine and cosine having been calculated, a 
siniple proportion ives the desired result. ‘Thus, let us suppose the sun 
to be at D’ (Fig. 11. p. 196); the sum of his south declination, ED’, 
and the north latitude, EZ, gives the zenith-distanee, Z 1): ita sine 
(bhujajyd) is L/ b", and its cosine (katijye) is CB", Then 
CB! Be ps Cb: bd! 
and CB! CIN Cbd 
which proportions, reduced to cynations, give the value of bd’, the 
shadow, and C d/, its hypothenuse, 


22.... The sine of declination, multiplied by the equinoctial 
hypothenuse, and divided by the gnomon-sine (cankuiui), 

23. Gives, when farther multiplied by the hypothenuse of any 
given shadow, and divided by radius (madlhyakarna), the sun's 


measure of amplitude (arkdgra) corresponding to that shadow. . . 


_. Itt this passage we are taught, the declination being known, how to 
find the ineasure of amplitude (agré) of any given shadow, 23 prcpara- 
tory to determining, Ly the next following rule, the base (dligia) of thé 
yadow, by calculation instead of incasurement. The first stemgieto-Bnd . 
thie tive of the sun’s amplitude; in order to this, wo comparc/Mto trian- 
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gles ABC and CEII (Fig. 13, p. 110), which are similar, since the. 
angles ACB and CEH are each equal to the latitude of the observer. 


Hence EM: EC::BC:AC 
But the triangles C KI (Fig. 13) and C be (Fig. 11) are also similar; 
and EIV:BEC::Cb:Ce 


Hence, by equality of ratios, Cb: Ce:: BC: AC 

and AC, the sine of the sun’s amplitude, equals B C—which is the sine 
of declination, being equal to D F—:nultiplied by Ce, the equinoctial 
hypothenuse, and «divided by Ud, the gnomon, The remaining part of 
the process depends upon the principle which we have demonstrated 
above, under verse 7, that the measure of amplitude is to the hypothe- 
nuse of the shadow as the sine of amplitude to radins, 

Why the gnomon is in this passage called the “gnomon-sine,” it is 
not casy to discover, Verse 23 presents also a name for radius, madhya- 
Karna, “half-diamneter,” which is not found ayain; ner is karaa oftun 
employed in the sense of “diameter” in this treatise. 


23.... The sum of the equinoctial shadow and the sun’s 
measure of amplitude (ariigrr’), when tle sun is in the southern 
hemisphere, is the base, north: 

24, When the sun is in the northern hemisphere, the base is 
found, if north, by subtracting the measure of amplitude from 
the equinoctial shadow; yjsouth, by a contrary process—accord- 
ing to the dircction of he interval between the end of the 
shadow and the cast :uel west axis, 

25. The mid-day base is invariably the midday shadow. ... 


We have already had cecasion to notier, in eonneetion with the first 
verses of this chapter, that the hase (4/aja) of the shadow is its prujec- 
tion upon a north and south line, or the distavee of its extremity from 
the cast. and west axis of die dial. It is that line which, as shown 
above (under y. 7), corresponds ty and represents the perpendicalas let 
fall from the sum upon the plane of the prime vertical. Thus, if (Fig. 
11, p. 106) K, L, 1%, D be different positions of the sun—K and LL 
being conceived to be upon the surface of the sphere—the perpewlicn- 
lam KB, BY, 2D BY, 1B are represented upon the dial by £4, 26, 
d'b, db, or, in Fig. 9 (p. 241), by kU, 2b", d’b, db Of these, the two 
latter coincide with their respective shadows, the shadow cast at noon 
being always itself upon a north and south line. The base of any 
shalow may be found by combining its measure of amplitude (agré) 
with the equinoctial shadow. When the sun is in the southern hemis- 
ea as at D’ or K (Fig. 11), the measure of amplitude, ed’ or ek, is to 

e added always to the equinoctial shadow, 44, in order to vive the base, 
bd’ or bk. If, on the contrary, the sun's declina.‘on be north, a differ- 
ent method of procedure will be necessary, according as lie is north or 
aouth from the prime vertical. If ho be south, as at D, the shadow, dd, 
will be thrown northward, and the base will be found by subtracting tho 
measure of amplitude, de, from the cquinoctial shadow, 6¥: if he be 

Wnorth, as at L, the extremity of the shadow, é, will be south from the 
east sind west axis, and the base, 64, will be obtained by subtracting tho 
equinoctial shadow, b¢, from the measure of aniplitade, le. 
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25.... Multiply tho sines of co-latitude and of latitude re- 
spectively by the cquinoctial shadow and by twelve, 

26. And divide by the sine of declination; the results are the 
Sy power ae when the sun is on the prime vertical (samaman- 
dala). Whew north declination is less than the latitude, then 
the mid-day hypothenuse (¢reva), 

' 27, Multiplied by the equinoctial shadow, and divided by the 
mid-day ineaxure of amplitude (agra), is tle hypothenuse. .. . 


Here we have two separate and independent methods of finding the 
hypothenuse of the east and west shadow cast by the sun at the moment 
when he is upon the prime vertical. [hn connection with the second of 
the two are stated the circumstances wuer which alone a transit of the 
aun across the prime vertical will take place: if his declination is south, 
or if, being north, it is greater than the latitude, his diurnal revolution 
will be wholly to the south, or wholly tu the north, of that circle. 

The first method is illustrated by the fo owing figures. Let VC’ 
(Fig. 12) be an are of the prime ver- Fie. 12 
tical, V being the point at which the a 
sun crosses it in his daily revolution ; 
and let C’ be the centre; then VU’ 
is radius, and VC the sine of the 
sun’s altitude; and, (6 being the 
gnomon, 6 will be the shadow, and 
C’v its hypothenuse. But, by simi- 
larity of triangles, 

VESVO Cbs 

Again, in the ether figure (Fig. 13)—of whieh the general relations 
are those of Fig. 8 Fie. le 
(p. 88)—A ID) being lea 
the projection of the 
circle of the sun's 
diurnal = revolution, 
and the point at 
which it crosses the 
prime vertical bene 
seen projected! in V, 
VC is the sine of the 
sun's altgtnde at. that 
point, But VOR 
and EC HI are sinii- 
lar triangles, the an- 
gles BV C anl CEH 
being each equal to 
the latitude: hence 
“VCOSEC BC lei 

Now thy first of 
these ratios is—since 
EC-eguals V C’, both 
béing = radius—the 
same with the first 
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in the former proportion; and therefore : 

| BC:CU:: Cb: Ce 

or sin dec], : sin lat. :: nom. : hyp. pr. vert. shad. 

but sin Jat. : cos, lat. :: eq. shad. : gnom. 

therefore, by combining terms, “ 
sin. decl. : cos. lat. :: eq. shad. : hyp. pr. vert. shad. 3s 

and the reduction of the first and third of these proportions: to the 

form of equations gives the rules of the text. 

The other method of finding the same quantity is an application of 
the principle demonstrated above, under verse 7, that, with a given dec- 
lination, the measure of amplitude of any shadow is to that of any other 
shadow as the hypothenuse of the former to that of the latter. Now 
when the sun is upon the prime vertical, the shadow falls directly 
eastward or directly westward, and hence its extremity lies in the east 
and west axis of the dial, and its measure of amplitude is equal to 
the equinoctial shadow. ‘The neon measure of amplitude is, accord- 
ingly, to the hypothenuse of the noon shadow as the equinoctial shadow 
to ra hypothemuse of the shadow cast when the sun is upon the prime 
vertical, 


27.... If the sine of declination of a given time be multiplied 
by radius and divided by the sine of co-latitude, the result is the 
sine of amplitude (agramidurvthi). 

28, And this, being farther multiplicd hy the hypothenuse of 
a given shadow at that time, and divided by radia gives the 
measure of amplitude (agrd), in digits (angula), ete... . 


The sine of the sun's anplitude is found—his Jeclination and the 
latitude being known—by a comparison of the similar triangles A BC 
and © ENT (Fig. 13), in which 

WE: EC::BC:CA 
or cos. Jat. : Ri: sin. deel. : sin. ampl, 
And the proportion upon which is fuunded the rule in verse 28—name- 
ly, that radius is to the sine of amplitnde as the hypothenuse of a given 
shadow to the corresponding measure of amplitude—has been demou- 
strated under verse 7, above. 


28....If from half the square of radius the square of the 
sine of ee (agrajyd) subtracted, and the remainder 
mujtiplied by twelve, 

29. And again multiplied by twelve, and then farther divided. 
by, the square of the equinoctial shadow increased by half the’ 
square of the gnomon—the result obtained by the wise a 

80, Is ealled the “surd” (4arani): this let the wise man set 
down in twa places. Then multiply the equinoctial shadow by 
twelve, and again by the sine of amplitude, 

Bk Ant divide a8 harsay the at § yl the “fruit” 
bliihs), ° Ade. its aqusre to the."*surd," aud tako the square root 
foe snag thin Gintabbed and imareap by the © Fru” fo 
ae southern: nd northern hentidpheres,: :"*: 


st 







: a! | 
a i- 










-,Is-the sine of altitude (ganke).of the southern — : 
1% ions (vidic); and equally, ‘whether the sun's revolution 
‘dake place to the south or to‘the-north of the gnomon (canku)— 
only, in the latter case, thé sine of altitude is that of the north- 
ern intermediate directions. _ 
$8. The square root of the difference of the squares of that 
- and of radius is styled the sine of zcnith-distance (dr¢.) If, then, 
the sine of zenith-distance and radius be multiplied respectively 
by twelve, and divided by the sine of altitude, ae 
84. The results are the shadow and hypothenuse at the angles, 
(<ona), under the given circumstances of time and place.... | 


The method taught in this passage of finding, with a given declina- 
tion and latitude, the sine of the sun’s altitude at the moment when he 
crosses the south-east and south-west vertical circles, or when the shadow 
of the gnomon is thrown toward the angles (Kuve) of the circumseribiug 
equare of the dial, is, when stated algebraically, as follows : , 
=“ (3R*—sin? ampl.)Xgn.? 

Pa den.?-+ eq. #h.4 Panne 











oJ surd + fruit? +- fruit = sinalt., declination being north. 
o/ surd + fruit? — fruit =sin alt., declination being routh, 


It is at once apparent that a problem is here presented more eompli- 
eated and difficult of solution than any with which we have heretofore 
had to do in the treatise. The commentary gives a demoustration of 
it, in which, for the first time, the notation and processes of the 
Hindu algebra are introduced, and with these we are not sufficiently 
familiar to be able to follow the course of the demonstration. “The 
ae pr however, admits of sulutiun without the aid of mathematical 

owledge of a higher character than has been displayed in the pro- 
cesses already cxplainel; by mcans, naincly, of the consideration of 
right-angled triangles, situated in the suine plane, and capable of being 
represented by a single figure. We give below such a solution, which, 

- we gre persuaded, agrees in all its Fie. 14 
main features with the process by alesis 
which the formulas of the text were 
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wigs eh he . 
Ce ee rd TP Bry ie) . wh 
: 4 Be ts iIn- 
TRG Roction oF the wie iind let 
“Cb,represent the gnomon. | 


& Bince ¢ isin the line of the cqui- 

‘woctial sHadow (see above, v. 7), 

‘rand since be makes an angle of 45° 

“wi ether axis of the dial; we 

Phare: Set =—2 og, cht, and Co* xx: 
7 6° 4-6 oe = gai*-+-2 oq. sh.* 
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In like manner, d¢8=2 meas. ampl.2 But the similar triangles 
Cde and CDE’ give Cd: de?; CD :DE’?; which, oy halving 
the two consequents, and observing the constant relation of Cd to the 
measure of amplitude (sec above, under v. 7), gives R® :sin ampl.? :: 
R? : 4D E’?: whence 4D E’?= sin ampL?, or D E'2= 2 sin ampl.? 

Now the required sine of altitude 1s DG, and DG—DH+HG— 
DIH+1J. And, obviously, the triangles DHI, DIE, EFC, IJC, 
and C be are all similar. Then, from D HT and C be, we derive 

DH:DI::be:Ce 
from DLE’ and Cbe, DI: DE'::Cb:Ce 
and, by combining terms, D1: DE'::bexCb: Ce? 
__ S2. eq. ah.Xgn.X./2.sinampl. _eq.sh.Xgn.XsinamplL_, . 
whence DH= ~~" gna-+ 2eq.aht — Gent peq. ht <n fruit, 

Again, from DHI and EFC, we derive 

[IH?:DI2::EF2:ECa 
from IJC and EFC, I[J2:1C2::EF2:EC2 
whence, by adding the terms of the equal ratius, and observing that 
113 +-] J?=J Il?, and DI?41C2=DCI=EC4, we have 

JH?: EC2::EF?: EC? a 
or J H?=EF?. Hence 1J?=J H?-I H?=EF2-] H?=EF?-DI?+DH 
But from EF Cand Ce are derived 

Ce? : Cb? :: EC? : EF? 
from DIE! and (be, Ce2:Cb?::DE2:)12 
EC*. Cut DE?.C2 _(ECLDE0u 


t= os — oie 2 =e 2 
whence EF¢=——-——, and Di=———-, and EF\—DI = 











that is to say, _ ’ 
__ (R*-2ain ampl.4)Xgn.? __ (¢R*-sin ampl.*) Xgn2 _ 
a ia al ~~ gn.-+4-2 eq. sh.® ~ dgn.2-Req.sh? = sir ep 
But, as was shown above, I J?=E F? —D 17+-D H?=surd--fmit? 
and “/surd-+ fruit? + fruit 1J-+ DH=DG=sine of altitude. 

When declination is south, so that the sun crosses the circle of alti- 
tude at D’, IID’, the equivalent of D Hi, is to be subtracted from I J, to 
yive D! G, the sine of altitude. 

The correctness of the Hindu formulas may likewise be briefly and 
succinctly demonstrated by means of our modern methods. ‘Thus, let 
PZS (Fig. 15) be a spherical triangle, Fig. 16. 
of which the three angular points are a 
Pp, the pole, Z, the senith, and S, the 
Pisce of the sun when upon the south- 
est. or the south-west vertical circles; 
RZ, then, is the co-latitude, ZS the i 
zenith-distence, or co-altitude, and PS 
4hé oo-declination; and the angle PZS is 135°; the problem is, to find 

*$he ajne of the complement of 28, or of tho sun’s altitude. By spheri- 
‘Cal tylppfiometry, cos 8 P==cos Z8§ cos ZP+sin ZS sin ZP won Z. Di- 
Sidiie by sin ZP, and observing that cos S P+-sin ZP=sin decl.+-cos 
sine pf amplitude, we.have sin ampl— sin alt. tan lat.-cos alt..cos 
If, Row, we represent sin, ampl. byw, ten lat. by b, cos 185° by 
ie ee | a 
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Tid: ' [Sdrya-Siddhiinia, = [iiie4- 
—wW, gin alt. by x, and cos alt. by A/a, we have a?— oad ab? a%e: 


—a? 2 
H(1—2*%); and, by reduction, 2?— 7 = — ae Representing, 





4—a 


again, a by jf, and ; +5 by s, and reducing, we have s=/-+ 


a/ fi+s. But/ is evidently the same with the “fruit,” since 5, or tan 


lat., equals eq. sh.+-gnom., and therefore ab _eq.eh.xgn.Xsin.ampl, 


+62 ~ 4} gnom.?-+-eq. sh.? - 
. heed 9 fe 27 4"_(4R*—sin? ampl.) x gn.’ 
and s is also the same with the “snrd,” for 346 Jgnoin*-feq. eb. 

If, the latitude being north, we consider the north direction as posi- 
tive, 6 will be positive. The value of f, given above, will then evidently 
he positive or negative as the sign of @ is plus or minus. But a, the 
nine of amplitude, is positive when declination is north, and negative 
when declination is south. Hence f is to be added to or subtracted 
from the radical, according as the sun is north or south of the equator, 
‘aé préscribed by the Hindu role. A minus sign before the radical would 
; pond to a second passage of the sun across the south-east and 
north-west vertical circle ; which, except in a high latitude, would take 
place always below the horizon. 

The construction of the last part of verse 32 is hy no means clear, yet 
we Cannot question that the meaning intended to be conveyed bykit is 
truly represented by our translation. When declination is greater than 
north latitude, the sun’s revolution is made wholly to the north of the 
prime vertical, and the vertical circles which he crosses are the north- 

; Bast and thc north-west. The process prescribed in the text, however, 
‘givéa the correct valne for the sine of altitude in this case also. For, 
m the triangle S$ ZV (Fig. 15), all the parts remain the same, excepting 
that the angle P ZS becomes 45°, instead of 135°: but the cosine of 

‘the former is the same as that of the latter arc, with 2 difference only 

“of sign, which disappears in the procesa, the cosine being squarcd. 

The sine of altitude being found, that of its complement, or of zenith- 
distance, is readily derived from it by the method of squares (as above, 
in vv. 16,17). ‘To ascertain, farther, the !ength of the corresponding 
shadow and of its hypothenuse, we make the proportions 
a sin alt. : sin zen. dist. : : gnom. : shad. 
and sin alt.: R:: nom. : hyp. shad. 

In this paseage, as in those that follow, the sine of altitude is called 
by the same name, ganke, “staff,” which is elsewhere given to the 
gnomon: the gnomon, in fact, representing in all cases, if the hypothe- 
nuse be made radius, tle sine of the sun’s altitude. The word is fre- 

«quently used in this sense in the modern astronomical language: thus 
BY Cc ig. 13, p. 110), the sine of the sun’s altitude when upon the 
prime vertical, is called the samamandalaganku, “ prime vertical staff,” 
“ and BT, the aine of altitude when the sun cfosses tho wnmandala, or 
‘east and west hour-circle, is styled the unmandalacanku: of the latter 
Jive, however, the Strya-Siddhinta makes ‘ho account. We are sti, 
‘prised, However, not to finds distinct nasi® for the altitude, as for ite 
complement, the zenith-distance : the sine of the latter might with very. 





on ow rm @ ae a 
iti, $8.] Ss Menslation and Note f 116: 
€ ; ; : ‘ 
nearly the same propriety be calléd the “shadow,” as that of the former 
the“ gnomon.” The particular'sine of altitude which is the result of 
the Hi goes process is commonly known as the konaganku, from the 
word kona, which, signifying originally “angle,” is used, in connection 
with the dial, to indicate the angles of the circumscribing square (see 
Fig. 9, p. 97), and then the directions in which those angles lie from 
the gnomon. The word itself is doubtless borrowed from the Greek 
yevia, the form given to it being that in which it appears in the com- 
unds tolyowor (Banskrit trikona), etc. Lest it seem strange that the 
indus should have derived from abroad the name for so familiar and 
elementary a quantity as an angle, we would direct attention to the 
striking fact that in that stage of their mathematical science, at least, 
whieh is represented by the Sarya-Siddhanta, they appear to have made - 
no use whatever in their calculations of the angle: for, excepting in 
this passage (v. 34) and in the term for “square” employed in a pre- 
vious verse (v. 5) of this chapter, no word meaning “angle” is to be 
met with anywhere in the text of this treatise. The term drg¢, used to 
wignify “zenith-distance”—excepting when this is measured upon the 
meridian ; see above, under vv. 14—16—means literally “ sight :” in this 
sense, it occurs here for the first time: we have had it more than once 
above with the signification of “observed place,” as distinguished from 
a@ position obtained by calculation. In verse 32, canku might be under- 
stood as used in the sense of “zenith,” yet it has there, in truth, its own 
proper signification of “ynomon;” the meaning being, that the sun, in 
the cases supposed, makes his revolution to the sonth or to the north of 
the gnomon itsclf, or in such a manner as to cast the shadow of the 
latter, at noon, northward or southward. One of the factors in the cal- ° 
culation is styled karani, “surd” (sce Colebrooke’s Hind. Alg., p. 145), ;. 
rather, apparently, as being a quantity of which the root is not required t¢s 
be taken, than one of which an integral root is always impossible; or, it 
may be, as being the square of a line which is not, and cannot be, drawn. 
The term translated “fruit” (phaia) is one of very frequent occurrence 
elsewhere, as denoting “ quotient, result, corrective equaticn,” etc. 
The form of statement and of injunction employed in verses 29 and 
30, in the phrases “the result obtained by the wise,” and “ let the wise 
man set down,” ctc., is so little in accordance with the style of our 
treatise clsewhere, while it is also frequent and familiar in other works 
of a kindred character, that it furnishes ground for suspicion that this 
passage, relating to the onacanku, is a later interpolation into the body 
of the text; and the suspicion is strengthened by the fact that the pro- 
cess prescribed here is so much more complicated than those elsewhere'4 
presented in this chapter. be te 


84... . If radius be increased by the sine cf ascensional differ- 
ence (cara) when declination is north, or diminished by thifsaie, 
when declination is south, a 

85, The result is the day-measure (aniy@); this, diminjshetl . 

by. the versed sine (uikramajyd) of the Pye a {haia), then 
aqpultiplied by the day-radius and divided by. radius, is the ‘ di- 
- isor (cheday's the atl again, being mmnltiplied-by. thg sine of 
.9p-latitude (lamba) and divide i gs 
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86. B radius, gives the sine of: altitude niu): subtradtits 
sine from that of radius, and the square. a he remainder:is 
the sine of zenith-distance (drg): the shadow and its bypothe- 
nue are found as in the preceding process. 


The object of this- process is, to find the sine of the sun's altitude at 
any given hour of the day, when hia distance rom the meridian, his 
declination, and the latitude, are known. The sun’s angular distance 
from the meridian, or the hour-angle, is found, as explained by the com- 
mentary, by subtracting the time elapsed since sunrise, or which is to 
elapse before sunset, from the half day, as calculated by a rule previously 
given (ii. 61-63). From “the declination and the latitude the sine of 
ascensional difference (carajyd) is supposed to have been already derived, 
by-tho method taught in the sainc passage; as also, from the declina- 

tof (by 3 ii. 60), the radius of the diurnal circle. The successive. ae 
© process of calculation will be made clear by a reference to 
annexed figure (Fig. 16), taken in connection with Fig. 13 (p. 1410), with 
which it corresponds in dimensions and lettering. Let G a ‘C’E repre- 


sent portion of the plane of the equator, C being its centre, and G E 
Fig. 16, 


\ mmtersection with the plane of the me- 
jai; and let A A’ BY D arpa A cor- 
responding portion of the plane of the 
diurnal zh ‘Ie, as seen projected upon the 
other, its centre and its line of intersection 
with the meridian coinciding with those 
of the latter. Let CG ec the sine of 
a ent i difference, and A B its corre- 
oindent in the lesser circle, or the carth- 
yya or kshitijyé ; sec above, ii. 61). 
et let O' be the place of the sun at a 
ven timc; the angle O’C D, measured 
eg the arc of the equator QE, i is the 
¢ bonr-angle : from Q’ draw Q’Q perpendic- 
tlay to CE; then Q’Q is the sinc, and 
QE is the versed sine, of Q’E. Add to 
radius, EC, the sine of ascensional differcnce, CG; their sum, E G— 
which .is the equivalent, in terms of a great circle, of DA, that part of 
the diameter of the circle of diurnal revolution baa is, above: the 
horizon, and which consequently measures the len of tha, day—is 
the day-measure (anty4). From E(i deduct EQ, the versed dite of ~ 
hour-angle; the remainder, G Q, is the same quantit in terms of a great 
‘ circle w ich A O is in terms of the diurnal circle: hence the reduction 
of GQ to the dimensions of the lesser circle, by the » Report 


CE:BD::4Q:A0 
| gives ts the valuc of AO; to this the text gives tho tchnical name of 





wigssivinor” (cheda). But, by Fig. 13, 2 ce #. 
CE:EH::AO:0R--° jaf: i 
‘hm 9] "which is ‘the sine of the sun’s altitude at the’ given 
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The processes “for a from the*sine of altitude: that of zenith- 
distanee, and from both the length of the corresponding shalpw and its 
ia npr are precisely the same as in the last problem. . 
or the meaning of anfy4—which, for lack of a better term, we have 
travelated “day-measurc’--sec above, under verse 7. The word nata, 
a Bahay the hour-angle is designated, is the same with that employed 
above with the signification of “meridian zenith-diatance ;” see the note 
to verses 14-17, 


87. If radius be multiplied by a given shadow, and divided 
by. the corresponding hypothenuse, tle result is the sine, of 
genith-distance (drc): the square rout of the difference between 
the square of that and the square of radius na 

88. Is the sine of altitude (gankv); which, multiplied «by 
radius and divided by the sine of co-latitude (lamba), gives the _ 
‘‘divisor” (cheda); multiply the latter by.radius, and divide by x 
the radius of the diurnal circle, i 

39. And the quotient is the sinc of the sun’s distance from the 
horizon (unnata); this, then, being subtracted from the day-. 
measure (@niyé), and the remainder Magned into arc by meatis of 
the ‘table of vorsed sines, the final rat is the hour-angle (nada), 
im respirations (asu), east or west. ~ 


. The proéeas taught in these verses is precisely the converse of the 

aie descritied in the precediny passage. ‘The only point which calls for 
rtherrdmark in connection with it is, that the line GQ (Fig. 16) isin. 

verge29 called the “sine of the unnufa.” Vv this latter term is desig-*#. 
nated: the..opposite of the hour-angle (nafc)—that is to say, the suis. 
angolar. distance from the horizon upen his own circle, O' A‘, reduced to . 
.4ime, or ta-the meagure of x great circle. Thus, when the sun is at O, 
his hourangle (ngia), or the time till noon, is QE; his distance from 
the hprigon (annata), or the time since sunrise, is Q’G, But GQ. 
with’ noopadpriety styled the sinc of GQ’; it is not itscifa sine af-a + 
sar hi atttial sina of the arc in question would have a very different — 
value. 


40. Multiply the sine of co-latitude by any Bivel measure of 
amplitude: (agrd), and divide by the correspon ing k ypothenuse 
in ‘digits; the result is the sine of declination. This, again, is 
to be multiplied by radius, and divided by the sine of greatest 
declination; __ 2 < 

41. The quotint, converted into are, is, i: signs, ete, the sun's” 
place inthe quadtant; by means of the qua rants is then found - 
the.actual. longitude of the sun at that point. ... i." 

a" i ih a 

By;tho method taught in this passage, the sun’s declingtign, and, 

ivh that, his true and mean longitude, may, the latitude of the ob-«, 

, server being known, bo found from a single obsergation upg the shaddw 
‘gtsmy hour inthe day, _ The declination is obtajned. from the japssiire 
ef amplitude “aid the ‘hypothenuse of the WF, ji: the, Soll 
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manner : firs as was shown in connection with verea 7. of this oa ar, 
acai) oye hel aie eo Oe (Fig. 18, p. #20 
EC:C 





but :sEH: BC 
thefefore hyp. shad. : meas. ampl.:: EH: BC 


BC, the sine of declination, being thus ascertained, the longitude is de- 
duced from it as in a previous process (see above, vv. 17-20). 


41.... Upon a given day, the distances of three bases, at 
noon, in the forenoon, and in the afternoon, being laid off, __ 
42. From the point of intersection of the lines aaa between 
them by means of two fish-figures, (matsya), and with a radius 
. touching the three points, is described the path of the shadow. .. 


This method of drawing upon the face of the dial the path which 
will be described by the extremity of the shadow upon a given day pro- 
ceéds upon the assumption that that path will be an arc of a circle—an 
‘@oneous assumption, since, excepting within the polar circles, the path 

“gf the shadow is always a hyperbola, when the sun is not in the equator. 
Mati latitudcs, however, the difference between the arc of the hypor- 
fier point not too far from the gnomon, and the arc of a circle, 
"eee inet iis not vaiieurprising that the Hindus should have 
yiennobed it, The path belfig regarded asa truc circle, of course it 
ei Wkgirawn Wf any three points in it can be found by calculation: and 
Hot difficult, since the rules above given furnish means of ascer- 
fafa. if the sun’s declination and the observer's latitude be known, 
heath of the shadow and the Jength of its base, or the distance of 
emity from the east and west axis of the dial, at different times 
Revgay. One bal of the process, however, has not been provi- 
‘in, the-rules hitherto given. Thus (Fig. 9, p. 97), supposing 













Seay end f to be three points in the same daily path of the shadow, we 
hog ae in order to lay down ¢ and m, to know not only the bases / 5%, 
‘gD, but also the distances 5b", 66". But these are readily found 
Mian the shadow and the base corresponding to each are known, or 
“(hey may be calculated from the sines of the respective hour-angles. 

e three points being determined, the mode of describing & circle 
through them is virtually the same with tliat which we should employ : 
lines are drawn from the noon-point to each of the others, which are 
ahs bY fish-figures (see above, under vv. 1-5), bisected by other lines, at 
rig angles to them, and the intersection of the latter is-the centre‘of 
the required circle. 


7 42.,.. Multiply by the day-radjus of three signs, and divide 
y their own respective day-radil, . ee te 
48, Ins 4ion, the sines of one, of two;‘and of thiged 
the cppotients converted into arc, being subtracted, eaoli 


one idllowing, ' gre beginning with Aries, the tithes of sing 
nké; ™ oe 


guleulayiteavas) at 
ar i ‘ a Ces 

3 r Yh 8 i 1 i b red . 
ape at vate ¢, Agipished each by its ‘por 


ty ae 
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iMWbence (carakhinda), aa calculated for & given “plice, aré thé 
‘tim wer rion at thee lace, = aes b . 

45. Invert them, and add their own portions of ascensional 
difference inverted, and the sums are the three signs beginning 
with Cancer: and these same six, in inverse order, are tha other 
six, commencing with Libra. 





s tad 
ree 
2 & 


The } eee here is to determine the “times of rising” (udaydsavas) 
of the different signs of the ecliptic—that is to say, the part of the 5400 
wesirations (asaves) constituting a quarter of the sidereal day, which 
sach of the three signs making up a quadrant of the ecliptic will occupy: 
in rising (udaya) above the horizon. And in the first place, the times 
“of rising at the equator, or in the right sphere—which are the equiva- 
lents of the signs in right ascension—are found as follows: ee 
Let ZN (Fig. 17) be a quadrant of the solstitial colure, A N the pro- 
jection upon its plane of the equinoctial colure, A Z of the cquator, ami, 
AC of the ecliptic; and let A, T, G, and : — wy 
C be the projections upon A © of the initial Fig. 
points of the first four signs; then AT is | 
the sine of one sign, or of 30°, AG of twp ff 
signs, or of 60°, and AC, which is radius, 
the sine of three signs, or of 90°. From 
T, G, and C, draw Tt, Gg, Cc, perpendicu- 
lar to AN. Then A Té and A Ce are simi- 
lar triangles, and, since AC equals radius, 
R:Ce::AT:Te 
But the arc of which T¢ is sine, ia the 
same part of the circle of diurnal revolu- 
tion of which the radius is ff, as the re- 
quired aacensional equivalent of one sign is av 
of the equator: hence the sine of the latter,fwhich we may call 2,'i9, 
found by reducing T¢ to the measure of a great, circle, which is done, Myr, 
the proportion po eg 





te’ Ri: Téssne 
Combisiing this with the preceding proportion, we have, 
t’:Ce::AT:sinz 
Again, to find the ascensional equivalent of two signs, which we'will 
call'y, we have first, by comparison of the triangles AGg and ACe, 
R:Ce::AG:Gg 
and er g9':R::Gg:sny . 
thérefore, as before, gg :Ce::AQG:ainy 
Hengg, the eines of the ascensional equivalents of « ne and of tao signs 
eriebly are equal to the sines of one ang of two signs, AT and. 
A G, miiltiplied by the day-radius of three signs, Cc, and diyid@d each ‘3 
by its’ own day-radigé, ¢¢ and gg’; and the conversion of the sings thus’ 
obté into arc gives the ascensional equivalents themas)lves. = The -. 
Fole,of the text ikcludes also the equivalent‘of thes signs, ut thi 
 Gotgmaly equal, toi quadrant that it fs unné to Grae Get Ba 
Process; all the*ris in the propgatiotis disagaiing eanept radias, **" 
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~— Upon wong out the process, by means of the table of sines given 
in the second chapter (vv. 15-22), and assuming the inclination of the 
plane of the ccliptic to be 24° (ii. 28), we find, by the rale given above 
Ci 60), that. the day-radii of one, of two, and of three sines, or ¢¢, 99’, 
Ye, are 3366’, 3216’, and 3140’ respectively, and that the sines of z and 
y are 1604’ and 2907’, to which the corresponding arcs are 27° 50’ and 
57° 45', or 1670’ and 3465’. ‘Che former is the ascensional equivalent 
of the first sign; subtracting it from the latter gives that of the second 
sign, which is 1795’, and subtracting 3465’ from a quadrant, 5400’, 
gives the equivalent of the third sign, which is 1935’—all os stated iu 
the text. . 
These, then, are the perivds of sidercal time which the first three 
sigus of the ecliptic will occupy in rising above the horizon at the equa-' 
tor, or in passing the meridian of any latitude. [tis obvious that the 
game quantities, In Inverse order, will be the equivalents in right ascen- 
sion of the three followiug signs also, and that the series of six equiva- 
Jents thus found will belong also to the six signs of the other half of the 
ecliptic. In order, now, to ascertain the equivalents of the signs in 
obliqne ascension, or the periods of sidercal time which they will occupy 
‘in rising above the horizon of a piven latitude, it ix necessary first to 
calculate, for that latitude, the ascensional difference (cara) of the three 
points T, G, and C (Fig. 17), which is done by the rule given in the last 
ao 68 (vv. 61,62). We have calculated these quantities, in the Hindu 
method, for the latitude of Washington, 38° 54’, and find the ascensional 
difference of T' to be 578’, that of (7 1061’, and that of C 1263’. The 
manner in which these are combined with the equivalents in right 
gacension to produce the equivalents in oblique ascension may be ex- 
plained by the following figure (Fig. 18), which, although not a true 
projection, is sufficient for the purpose 
of illustration. Let ACS be a semi- 
circle of the ecliptic, divided into its 
successive signs, and AS a semicircle 
of the equator, upon which AT’, T’ (7, 
“ete, are the cquivalents of those signs 
in right ascension; and let ¢, 9, etc., be 
the points which rise simultancously 
with T, G, etc. Then iT’ and vV’, the 
ascensional difference of T and V, are 
578’, gG’ and 71’ are 1061’, and cC’ 
ia 1263’, Then Aé, the equivalent in 
oblique ascension of AT, equals AT’ — 
tT’, or 1002’. To find, again, the value 
of ¢g, the second equivalent, the text 
directa to subtract from J” G’' the differ- 
-ence Between ¢T’ andgG’, which is 
called the carakhanda, “portion of ascensional difference”—that is to 
day, thé in nt or decrement of ascensional difference at the point 
G 4 compared with T. Thus i ‘ 
Si,04 ee ge T! G! (9 G6 TY) = TG! +-6'T! —g Get ey G's 1 819! 
‘eh: Fe! O'—(e Opry G’) = Gi peg G! —c Oey Gave = 17839! 


Fig. 18. 
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| Rarther, to find the oblique equivalents in the second quadrant, wo 
adi directed'to invert the right equivalents, and to add to ari rap 
earakhanda, decrement of asceusional difference, Thus 


cbse" Li (60! -1 Lye! -1L'= 21877 
Cy V! V'+ (1L/—9 Vy = LV! — 2 Vi 2078! 
and finally, vS=V’'S +0 V/=2948', 


It is obvious without particular explanation that the ares of oblique 
ascension thus found as the equivalents, in a given latitade, of the first 
six signs of the ecliptic, are likewise, in inverse order, the equivalente of 
the other six. We have, then, the following table of times of rising 
(udaydsaras), for the equator and for the latitude of Washington, of al 
the divisions of the ecliptic : 


Equivalents in Right und Oblique Ascension of the Signs of the Ecliptie. 





Stsasates, *- SMa esien. , asucietee es sea ee sy 

Sigu. | Kyuivdent | Lat. of Washington. | Sign. + 

. in iAsrens.' Equiv. in ; A ie 

No! Name. jRight Ascension. Diff. . Obl, Asceumon. ! Name | Nog? 
ii. fea : or BR! te [t. 7 ap a . 






‘ pap! doga | Pasces, mina, 
refit 1312 |Aquarius, huanbha, {11. 
hii 1733 Capricorntp, setkere,/10. 


t.| Aries, mcaha, | Wru 
2.| Taurus, ershan, | 17g) 
I 
| 





3. {| Gemini, midhune, 1935 


. sa rig yn : abi a Sa lire dhanus, q 
.' Leo, sinha, Izy" : sip 227 ‘Scorpio, ali, ; 
6. | Virgo, kanyt, wm H 576 i 9248 Libra, tuld, | 7. 


. ~ ———— Ft fo ee ee 


For the expression “at Lanka,” employed in verse 43 to designate 
the equator, see above, under 4, 62, 


46. From the lunzitude of the sun at a given time are to be.. 
calewlated the aseensional equivalunts of the parts past and to’ 
come of the sign im which he is: they are equal tu the number 
of ‘degrees traversed and to be traversed, multiplied by the as- 
eshsional equivalent (udaydsavas) of the sign, and divided by 


thirty ; . 
a, Then, from the given time, reduced to respirations, sub-” 
trast:the equivalent, in respirations, of the part of the sign to 
epee and also the ascensional equivalents (lagudsavas) of the 
Sewing signs, iIn.succession -—so likewise, subtract the equiva- 
ants of the part past, and of the signs past, in inverse order; 

+ @6-4f there be a remainder, multiply it by thirty and divide 
Mihe equivalent of the ansubtracted sign; add the quotient, in 
i@reda, to the Whole signs, or subtract it from them :. the result 


ae int of the ecliptic (lagna) which is at shat time upon the 
SOS Gs S id). ¥ : 















a 


“SMB, from the’east or west hour-angle (nua) of thegon, in 
nidis, having made a similar calculation, by means of the,equiv- 
alenta in right ascension (lankodaydsavas), apply the reault:as an 
additive or suhfgactive equation to the sun's longity@e: the-re- 






t is the the ec ptic then upon the meridian (madhya- 
lagna). cae “ ee ws . 


16 
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The word /agna meuns literally “attached to, connected with,” and 
hence, “ corresponding, equivalent to.” It is, then, most properly, and 
likewise most usually, employed to designate the point or the are of the 
equator which correspunds to a given point or arc of the ecliptic. In 
such a sense it occurs Im this passage, in verse 47, where /ayndsavas 1s 
precisely equivalent to udaydsavar, explained in connection with the 
next preceding passage; also below, in verse 50, and in several other 
places. In veracs 48 and 49, however, it receives a ditfcrent significa- 
tion, being taken to indicate the point of the celiptic which, at a given 
time, is upon the meridian or at the horizon; the former being called 
laqnam kshitije, “lagna at. the horizon"—-or, in one or two cases else- 
where, simply daana—the other receiving the name of madhyalagna, 
“ meridian-lagna,” 

The rules by which, the sun's longitude and the hour of the day being 
known, the points of the ecliptic at the horizon and upen the meridian 
are found, are very elliptically and obseurcly stated in the text; our 
translation itself has been necessarily made in part also a paraphrase and 
explication of them, Their farther illustration may be best effeeted by 
means of an example, with reference to the last figure (Fig. 1&8). 

At a given place of observation, as Washington, let the moment of 
local time—revekoned in the usual Uindu manner, from sunrise—be 18" 
12¥ 3°, and let the longitude of the sun, as corrected by the precession, 
be, by calculation, 42°, or 18 12°: it is required to know the longitude 
of the point of the eeliptic (Jagna) then upon the eastern horizon. 

Let P (Fig. 18) be the place of the sun, and ILA the line of the hori- 
zon, at the given time; and let p be the point of the equator which rose 

‘with the sun; then the are pA is equivalent to the time since sunrise, 
189 12 3P, o1 GdH5?. The value of tg, the equivalent in oblique ascen- 
sion of the second sign TG, in which the sun is, is given m the table 

resented at the end of the note upon the preceding passage as 1312P, 
© find the yalue of the part of it pg we muke the proportion 
j TG: PG:ita:pg 

oF 30°: 1893: 1812: 780P 
From ph, or 6555?, we now subtract pg, 787", and then, in succession, 
the ascensional equivalents of the following si,rus, GC and C1I—that is, 
ge, or 1733?, and cd, or 2137P—until there is left a remainder, 2A, or 
1898?, which is leas than the equivalent cr the next sign. To this re- 
toainder of oblique ascension the corre.ponding are of longitude is then 
found by a proportion the reverse of that formerly made, namely 

lu:lh::LV:LH 
or 22'78P : 1B98P :: 30° : 25° 


The result thus obtained keing added to AL, or 48, the sum, 4" 25°, or 
145°, is the longitude of IH. 

The are pg is called in the text bhogydsavas, “the equivalent in respi- 
rations of the part of the sign to be traversed,” while ¢p is styled bhuk- 
thsavas, “the respirations of the part traversed.” 

If, op the other hand, it were desired to arrive at the same result by 
reckoning in the opposite direction from the sun to the horizon, either 

om account of the greater proximity of the two in that direction, or for 
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any other reason, the manner of proceeding would be somewhat differ- 
ent. Thiis, if  H (lig. 18) were the sun’s longitude, and p P the line 
of the eastern horizon, we should first find Ap, by subtracting the part 


of the day already elapsed from the calculated length of the day (this . 


step is, in the text, omitted to be specificd); from it we should then 
subtract the bhuktdsavas, lh, and then the cquivaleuts of the signs 
through which the sun has already passed, in inverse order, until there 
remained only the part of an equivalent, py, which would be converted 
into the corresponding are of longitude, PG, in the same manner as 
before: and the subtraction of PG from AG wonld give AP, the 
longitude of the point I’. 

ut again, if it be required to determine the point of the ecliptic 
which is at any given time upon the meridian, the general process is the 
same as already explained, excepting that for the time from sunrise is 


substifuted the time until or sinee noon, and alro for the equivalents in. 


oblique ascension those in right ascension. or, in the langnage of the 
text, the “times of rising at Lanki™ (/aukoddyasaras); sinvee the me- 
ridian, like the equatorial horizon, cuts the equator at right andes, 

It will be observed that all these calculations assume the invrements 
longitude of to be proportional te those of ascension throughout. each 
signs In a process of ereater pretensions to accuracy, this would Tead to 
errors of some consequence, 

The use and value of the inethods here taught, and of the quantities 
found as their resuits, will appear in the sequel (see eh. iv. 1-05 vil 73 
ix. 5-115 x. 2). 

The term Aslatga, by which the horizon is designated. may be under- 
stood, according to the muting attributed te AsActs (sce above, ander 
H. 61—63), either as the “cirele of situation”-—that is, the one whieh is 
dependent upon the situation of the observer, varying with every change 
of place on his part— or as the “earth-cirele”” the one produced by the 
intervention of the carth below the observer, or drawn bv the carth 
upon the sky. Probably (he latter is its true interpretation. 


50. Add together the aseensional equivalents, in respirations, 
of the part of the sign to be traversed by the point having less 
longitude, of the part traversed by that having greater longitude, 
und of the intervening sizns——thus is made the ascertainment of 
time (kdlusddhana). 

OL, When the Jougitude of the point of the celiptie upon the 
horizon (Jayna) is Jess than that of the sun, the time isin the 
latter part of the mght; when greater, it is in the day-time; 
when greater than the longitude of the sin inci2ased by half a 
revolution, it is after sunset. 


The process taught in these verses is, in «a manner, the converse of 
that which is explained in the preecding passage, its object being to find 
the instant of local time when a given point of the ecliptic wil beers 
the horizon, the longitude of the sun being also known, ‘Thus (Fig. 18), 


supposing the sun’s longitude, A 1’, to be, at a given time, 1° 12°:. it is 


required to know at what time the point H, of which the longitude is 


» 
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4° 25°, will rise. The problem, is, virtually, to afcertain the are of the 
equator intercepted between p, the point which rose with the sun, and 

‘A, which will rise with HI, since that are determines the time elapsed - 
between sunrise and the rise of JI, or the time in the day at which the 
latter will take place. In order to this, we ascertain, by a process simi- 
lar to that illustrated in connection with the last passage, the dbhogyd- 
savas, “ascensional equivalent of {he part. of the sign to be traversed,” 
of the point having less longitude—or pg— awl the bhuktdsavas, “ as- 
censional equivalent. of the part traversed,” belonging to IL, the point 
having greater longitude-—or ZA-—-nand add the sum of buth to that of 
the axcensional equivalents of the intervening whole sigus, ge and ef, 
which the text calls avturalagudsaras, “ equivalent respirations of the 
interval ;” the total is, in respirations of time, corresponding to minutes 
of arc, the interval of tine required : it will be found to be 6555°, or 

_ 189 12" 3P: and this, in the case assumed, i the time in the day at 
which the rise of I] takes place: were Hl, on the other hand, the posi- 
tion of the sun, 78" L2Y 3? would he the time before sunrise of the same. 
event, and would require to be subtracted trom the calculated length of 

‘“Ghe day to give the instant of local time. 

S: It is evident that the main use of this process must be to determine 
‘the hour at which a given planet, or a star of which the longitude is 
known, will pass the horizon, or at which its “day” (see above, ti, 59~ 
63) will commence, A like method — substituting only the equiva- 
Jents in right for these in oblique ascension—might be employed in 
determining at what instant of leesl time the complete day, ehordira, 
of any of the heavenly bodies, reckoned from transit to transit across 
the lower meridian, would commence: and this is perhaps to be re- 
re ax included idso in the terms of verse 50; even thongh the 

ollowing verse plainly dias reference to the time of rising, and the word 
dagna, as used in it, means only the point upon the horizon. 

The last verse we take to be simply an obvious and convenient rile 
for determining at avlance iu whieh part of the civil day will take 
place the rising of any given point of the ecliptic, or of a planet oeca- 
pying that point. If the longitude of a planct be Jess than that of the 
sup, While at the same time they are not more than three signs apart— 
this and the other corresponding restrictions ii point of distance are 
plainly implied in the ditferent specilications of the verse as compared 
with one another, and are accordingly explicitly stated by the commen- 

tor—the hour when that planet comes to assume the position called 
in the text lagna, or to pass the enstern horizon, will evidently be 
between midnight and sunrise, ec in the after part (gesha, literally “ re- 
paral of the night: if, again, it be more than three and less than 
six sigus behind the sun, or, which is the same thing, more than sixiid 
less than nine signs iu advance of him, its time of rising will be between 
sunset and midnight: if, once morc, it be in advance of the sun by lesa 
than six signs, it will rise while the sun is above the horizon. 


e 
The next three chapters treat of the eclipacs of the sun and moon, the 
fourth being devoted to lunar eclipses, and the fifth to solar, and the 
‘eixth, containing directions for projecting an eclipse, 
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CHAPTER IV. 


OF ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 


Cowrznrs :—1, dimensions of the sun and moon; 2-3, measurement of their apparent 
dimensions; 4-5, measurement of the carth’s shadow; 6, conditions of the occur- 
rence of an eclipse; 7-8, ascertainment of longitude at the time of conjunction or 
of opposition; 9, causes of eclipses; 10-11, to determine whether there will be 
an eclipse, and the amount of obscuration; 12-15, to find half the time of dura 
tion of the eclipse, and half that of total obscuration; 16-17, to ascertain the 
times of contact and of separation, and, in a total eclipse, of immersion and 

- emergence; 18-21, to determine the amount of obscuration at a given time; 
22-23, to find the time corresponding to a given amount of obscuration; 24-25, 
measurement of the deflection of the ecliptic, al the puint occupied by the. 


eclipsed boily, from sn enst and west Jine; 26, correction of the scale of projec-* 


tion for difference of altitude. 


1. The diameter of the sun's disk is six thousand five hun. 
dred yojanas; of the moon’s, four hundred and eishty. : 


We shall see, in conneciion with the next passage, that the diameters 
of the stm and muon, is thus stated, we subject to a eaurious imodifiea- 
tion, dependent upon and representing the ot ater or less distance of 
those voilies from the earth; so tliat) tn accent in scuse, we have here 
only: their mean diameters. These represent, iowever, in the Tfindu 
theory—which atlects to reject the supposition of other orbits than such 
as are cirenlar, and deseribed at equal disianees about the carth—the 
truce absolute dimensions of the san amd moon, 

Of the twoponly that for the meen is ohtaine wv a legitimate pro- 
cess, or presents any uear approximation te the tr. The ciameter of 
the earth being, as stated above (1.59). 1600 vojanas, that of the moon, 
480 vojanas, 83.3 of it: while the true value of the moons diuueter in 
terms of the earti’s is 2716, or only about a tenth less. An estimate 
so nearly correct. supposes, of course, an equally correet: determination 
of the moon's horizontal parallax, distance from the earth, and mean 
apparent diameter. The Lfindn valuation of the parallax may be de- 
duced from the value given just below (v. 4), of a minute on the moon's 
orbit, as 15 yojanas, Since the moon's horizontal parallax *s equal to 
the angle subtended at her centre by the earth's radius, and. since, at 
the moon's mean distance, lof are equals 12 yojanas, and the earth's 
radius, 800 yojanas, would accordingly subteud anangle of 53’ 20%—the 
Jatéer angle, 53/20”, is, according to the system cf the Stirya-Siddhanta, 
thie moon’s parallax, when in the horizon and .t her mean distance, 
This is considerably less than the actual value of the quantity, as deter- 
mined by modern science, namely 57” 1’; and it is practically, in the 
calculation of solar eclipses, still farther lessened by 3/ 51%, the excess 
of the value assigned to the suu’s horizontal parallax, as we shall see 
farther on. Of the variation in the parallax, dac to the varying distance 
of the moon, the Hindu system makes no account: the variation ig actu- 


17 . 
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ally nearly 8’, being from 53! 48", at the apogee, to 61/ 24”, at the 
perigee. 

How the amount of the parallax was determined by the Tindus—if, 
indecd, they had the instruments and the skill in observation requisite 
for making themselves an independent determination of it—we are not 
informed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax us precisely 53/ 20” lies at the foundation 
of the other clemeuts which seem to rest upon it; for, in the making 
up of the artificial Hindu system, all these clements have been modified 
aud adapted to oue another in such a manner as to produce certain 
whole numbers as their results, and so to be of more convenient use. 

From this parallax the moouws distance may be dedueed by the pro- 
portion 

sin 53? 90/' : Ih:: earth's rad.: moon's dist. 
or 4372 3438": Boy: 51 5-oy 
The radius of the moon's orhif, then, is 41,070 yojanas, or, in terms of 
the earth's radius, 64.47. The true value of the moon's mean distance 
is 59.96 radii of the earth. 

The farther proportion 

3438": gow’ :: 47 Stay : bt ooos 
would give, as the valne of a quadrant of the moon's orbit, 81,000 yoja- 
nas, and. as the whole orbit, 421.000 vojinas. "This is, in fact. the cir- 
cunference of the orbit assuined hy {le svete, amd stated in another 
place (x17. 85). Sinee, however, the moons distanec is nowhere assumed 
as an Clement in any of the processes ef the system, and is even directed 
(ai. 84) to be found from: the eireniuferenee of the orbit: by the false 
ratio of 1:71, it is probable that it was also made no account of in 
constructing the svstiem, and that the relations of the moon's parallax 
and orbit were fixed, by some such proportion as 

D3? ges Mo? ts Goes = Joo uy 


The moon’s orbit. being 321,069 \ojants. the assignment of 480 yoja- 
nag as her diameter implies a determination of her apnarent diameter 
at her mean distunce as 82/5 since 

JHoY s Jule: 394 0stn Y: ABV 
The moon’s mean apparent disancter is actually 207%, 

In order to understand, farther, how the dimenstons of the sun’s orbit, 
and of the sun himself are determined by the [indus, we have to notice 
that, the inoon’s orbit: being 324,000 yojanas, and her time of sidereal 
revolution 2749,32167416, the aneunt of her mean daily motion is 
11,8589.717. The Hindu system now assumes that this is the precise 
amount of the actual mean daily motion, in space, of all the planets, 
and ascertains the dimensions of their several orbits by multiplying it 
by the periodic time of revolution of each (see below, xii. 80-90). The 
length of the sidereal year being 3654.25875648, the suw’s orbit is, as 
atated elsewhere (xii. 86), 4,331,500 yojanas. From a quadrant of this, 
by the ratio 5400! : 3438, we derive the sun's distance from the carth, 
680,430 yojanas, or 861.8 radii of the earth. This is vastly lesa than 
his true distance, which is about 24,000 radii. His horizontal parallax 
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is, of course, proportionally over-estimated, being made to be nearly 4 
(more exactly, 3/ 59”.4), instead of 8”.6, its true value, an amount 50 
small that it should properly have been neglected as inappreciable. 

It is an important property of the parallaxes of the sun and moon, 
resulting from the manner in which the relative distances of the latter 
from the earth are determined, that they are to onc another as the mean 
daily motions of the planets respectively : that is to say, 

5,3! 20"! : 3/ 5g’ ss 790! 35" . 59’ BR’? 
Each is likewise very early one fifteenth of the whole mean daily 
motion, or equivalent to the amount of arc traversed by cach planet in 
4 nddis; the difference heing, for the noun, about 38”, for the sun, 
about 3”. We shall see that, in the calculations of the next chapter, 
these differences are neglected, snd the parallax taken as equal, in each 
case, to the mean motion during 4 nidis. 

The cirewnference of the sun's orbit: being 4,331,500 yujanas, the 
assignment of 6500 yojanas as his diameter implies that his im¢gan appar- 
ent diameter Was considered to be $2! 24/485 for 

360" 132! 24/78 +: 4.331 5oay : O500% 


The true value of the sun's apparent diameter at his mean distance is 
32! 3.6. 

The results arrived at by the Greck astronomers relative to the paral- 
Jax, distanee, and inaygnitude of the san and imeoi ae net greatly dis- 
cordant with those here presented. Uipparehus found the moon's hort- 
zontal parallax te be 57%: Aristarchus had previously, by observation 
upon the angular distance of the sun aud moon when the latter is half 
iHuminated, made their relative clistamees to bie as 19 to Ly this gave 
JOpparchus 3" as the snm’s paralliy, Ptolemy makes the mean dis- 
tances of the snn and muon from the earth equal to 1210 and 59 radii 
of the earth, and their pourallaxes 2/51" and 58! 14” respectively: he 
wso states the diameter of the moon, earth, and sun to be as 1,32, 184, 
while the Hindus make them as Ld, and 1333, and uheir true values, 
as determined by modern science, are as 132. and 4124, nearly, 


2. These diameters, cach multiplied by the true motion, and 
divided by the incan motion, of its own planct, give the cor- 
rected (sphute) diameters, If that of the sim be multiplied by 
the number of the sun's revolutions im an ge, and divided by 
that of the moon's, 

8. Or if it be multiplied by the moon’s orbit (Aakshd), and 
divided by the sun’s orbit, the result will be its diameter upon 
the moon's orbit: all these, divided hy filteen give te measures 
of the diameters in minutes. 


The absolute values of the diameters of the sun and moon being 
stated in yojanas, it is required to find their apparent values, in minutes 
of are. In order to this, they are projected npon the moo#’s orbit, or 
upon a circle described about the earth at the moon’s mean distance, of 
which circle—since 324,000 + 21,600—15—one minute is equivalent 
to fifteen yojanas. 


128 Sdrya-Siddhénta, — liv. = 


The method of the process will be made clear by the annexed figure 
(Fig. 19). Let E be the earth’s place, EM or Em the mean distance of 


Fig. 19. 





the moon, and ES the mean distance of the sun. Tet TU oqual the 
sun's diameter, 65007, But now Iet the aun be at the greater distauce 
ES’: the part of his mean orbit which his disk will cover will no longer 
be TU, but.a less quantity, éu, and ta will be to TU, or TY U4 as ES 
to ES’. -But the text is not willing to acknowledge here, any more 
than in the second chapter, an acfual inequality in the distance of the 
sun from the earth at different times, even though that inequality be 
most unequivocally implied in the processes it prescribes : so, instead of 
calculating ES’ as well as ES, which the method of epicycles affords 
full favilitics for doing, it substitutes, for the ratio of ES to ES’, the 
inverse ratio of the daily motion at the mean distance E'S to thet at the 
true distance ES’. The ratios, however, are not precisely equal, The 
arc am (Fie. 4, p. 67) of the eccentric cirele is supposed to be trav- 
ersed by the sun or moon with a unifurm velocity. If then, the motion 
at any given point, as m, were perpendicular to Ew, the apparent mo- 
tion would be inversely as the distance. But the motion at m is per- 
pendicular tu em instead of Ean, The resulting errer, it is true, and 
especially in the case of the sun, is not very great. It may be added 
that the eccentric circle which best represents the wpparent motions of 
the sun and moon in their elliptic orbits, vives much more imperfectly 
the distancea and apparent diameters of those bodies. The value of éu, 
however, being thus at least approximately determined, # uv’, the are of 
the moon's mean orbit subtended by it, is then found by the proportion 
ES: Em (or EM) ::¢u: ¢4'—exeepting that here, again, for the ratio 
of the distances, ES and EM, is substituted cither that of the whole 
circumferences of which they are respectively the radii, or the mycrse 
ratio of the number of revolutions in a given time of the two planets, 
which, as shown in the note to the preceding passage, is the same 
thing. Having thus ascertained the value of #1’ In yojanas, division 
by 15 gives us the number of minutes m the are ?’ x’, or in the angle 
vEw!. 

[In like manner, if the moon be at less than her mean distance from 
the earth, as EM’, she will subtend an are of her mean orbit 20, greater 
than N{, her true diameter; the value of no, in yojanas and in minutes, 
is found by a method precisely similar to that already described. 

There is’ hardly in the whole treatise a more curious instance than 
this of the mingling together of true theory and false assumption in the 
same process, and of the concealment of the real character of a process 

“by substituting other and equivalent data for its truc clements. 
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. We meet for the first time, in this passage, the term employed in the 
treatise to designate a planetary orbit, namely Aakshd, literally “ border, 
girdle, periphery.” The value finally obtained for the apparent diame- 
ter of the sun or moun, as later of the shadow, is styled its ména, 
‘‘ measure.” 

In order to furnish a practical illustration of the processes taught in 
this chapter, we have calculated in fall, by the methods and elements of 
the Strya-Siddhanta, the lunar eclipse of Feb, 6th, 1860, Rather, how- 
ever, than preseut the calculation piecemeal, and with its different pro- 
cesses severed from their natural connection, and arranged under the 
passages to which they severally belong, we have preferred to give it 
entire in the Appendix, whither the reader is referred for it. 


4, Multiply the cartl’s diameter by the truce daily motion of 
the moon, and divide by her mean motion: the result is the , 
earth’s corrected diameter (sei). The difference between the 
earth’s diamcter and the corrected diameter of the sun 

5. Is tu be vs a the moon's mean diamcter, and divi- 







ded by the sun’s m lameter: subtract the result from the 
earth’s corrected diant@ter (sfic7), and the remainder is the diam- 
eter of the shadow; which is reduced to minutes as before. 


The method employed in this process for finding the diameter of the 
earth's shaduw upon the moon's mean orbit may be explained by the 
aid of the following figure (Fig. 20). 

As in the last figure, let E represent the carth’s place, S and M points 
in the mean orbits of the sun and moun sid M/ the moon's actual 
place. Let ¢u be the sun's corrected diameter, or the part of his mean 
orbit which his disk at its actual distance covers, ascertained as directed 
Dt the preceding passaye, aud let FG be the earth's diameter, Through 


Fig. 20. 





F and G draw t Ff and w (ig parallel to SM, and also ¢F A and uGk: 
then A& will be the diameter of the shadow wh. re the moon actually 
enters it. The value of A& evidently equals fg (or FG)—(fh-+-g&); 
and the value of fh--g & may be found by the proportion ; 


Fv (or ES): ¢v-+-wu (or 6u—FG) 2: Ff(or EM’) :fh+gk 
But the Hindu system provides no method of measuring the angular 


value of quantities at the distance EM’, nor does it ascertain the value 
of EM itself: and as, in the last process, the digggeter of the moon ; 
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was reduced, for measurement, to its value at the distance E M/, so, to 
be made commensurate with it, all the data of this process must be 
similarly modified. ‘That is to say, the proportion 
EM: EM: :fg:fg! 

—asubstituting, as before, the ratio of the moon’s mean to her true 
motion for that of EM! to EM—rives j’g/, which the text calls the 
suci: the word means literally “needle, pyramid; we do not see pre- 
ciscly how it comes to be employed to designate the quantity /’g’, and 
have translated it, for lack of a better term, and in analogy with the 
language of the text respecting the diameters of the sun and moon, 
“corrected diameter of the earth.” It is also evident that 


BM i fh-eg kit EM if ha’ k 


hence, substituting the latter of these ratios for the former in our first 
proportion, and inverting the middle terms, we have 


ES: EM::te—FG:f hig’ kh’ 
Onee more, now, we have a substitution r x ES: EM being re- 






placed by the ratio of the sun’s mean di to that of the moon. 
Ju this there is a slight inaccuracy, The su tion proceeds upon the 
assumption that the inean apparent values of the diameters of the san 
and moon are preeisely equal, in which case, of course, their absolute 
diameters would be as their distances; but we have seen, in the note to 
the first verse of this chapter, that the moon's mean angular diameter is 
made a little Jess thau the sun's, the former being 325 the latter gz! 24.8, 
The error is evidently neglected as being too staal) to impair sensibly the 
correctness of the result obtained : it is not easy to see, however, why we 
do not have the ratio of the mean distances represented here, as iu verses 
2 and 3, br that of the orbits, or by that of the revolutions in an Age 
taken inversely. The substitution beiug made, we have the final propor- 
tion on which the rule in the text ts based, viz. the sun's mean diameter 
is to the inoon’s mean diameter as the excess of the sun's corrected 
diamcter over the actual diameter of the earth is to quantity which, 
being subtracted from the séecé, or corrected diameter ¢i the earth, leaves 
as a remainder the diameter of the shadow as projected upon the moou's 
mean orbit: if is expressed in yojanas, but is reduced to minutes, as 
before, by dividing by fifteen. The earth's penumbra is not taken into 
account in the Tlindu process of calculation of an evlipse. 

The lines fg, f 4’, ctc., are treated licre as if they were straight lines, 
instead of arcs of the moon's orbit: vut the inaccuracy never comes to 
be of any account practically, since the value of these lines always falls 
Inside of the limits within which the Jlindu methods of calculation 
recognize no difference between an are and its sine. 


6. The earth’s shadow is distant half the signs from the sun: 
when the Jongitude of the moon’s node is the same with that of 
the shadow, or with that of the sun, or when it is a few degrees 
greater or less, there will be an eclipse. 


To the specifications of this verse we need to add, of course, “ at the 
“time of conjunction or of opposition.” 
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It will be noticed that no attempt is made here to define the lunar 
and solar ecliptic limits, or the distances from the moon’s node within 
which eclipses are possible. Those limits are, for the moon, nearly 12°; 
fur the sun, more than 17°. 

The word uscd to designate “cclipse,” grakana, means literally 
“seizure”: it, with other kindred terms, to be noticed later, exhibits the 
influence of the primitive theory of eclipses, as seizures of the heavenly 
bodies by the monster Rahu. In verses 17 and 19, below, instead of 
gralana we have groha, auother derivative from the sune root grak or 
grabh, “ prasp, seize.” Elsewhere graka never occurs except as signifying 
“planet, and it is the only word which the Sirva-Siddhanta employs 
with that signification: asso used, if, is an active instead of a passive 
derivative, meaning “seizer,” and its application to the planets is due 
to the astrological conception of them, as powers whieh “lay hold upon” 
the fates of nen with their supernatural influences, 


@ The longitudes of the sim and moon, at the moment of 
the end of the dav of new moon Cuadeieyi), are equal, in signs, 
ete.; at the end of the day of fall moon (panraamds:) they are 
equal in degrees, cta.. at a distauce of half the signs, 

8. When diminished or increased Dy the proper erjuation of 
motion for the tite. past orto come, of opposition or conjune- 
tion, they are made to avree. to ininutes: the pance of the node 
at the sume tine is treated in the contrary manner, 


The very general directions and explanations eentained In verses 4.7, 
and 9 seem out of place here in the middle of dhe chapter, and would 
have more properly constinted its introduction, “Phe process prescribed 
in verse 8. alsy, which has tor its ebject the determmation of the longi 
tudes of the sun. moon, and: moon's node, at the moment of opposition 
or conjunction, ought po less, i world appear. to precede the aseertain- 
ment of the true metious, and of the measures of the disks and shadow, 
areuly explained. Verse 8 indeed, by the lack of connection in which 
it stands, and by the obseurity of its languawe, furnishes a striking in- 
stance of the want of preeision and intelligilnlity so often characteristic 
of the treatise, The subject of the verse, whieh requires to be supplied, 
is, “the lonattudes of the sim and moon at the instant of midnight next 
preceding or following the given opposition or conjunction”: that being 
the time for which the true longitudes aud motions are first calculated, 
in order to test the question of the probability of an eclipse. If there 
appears to be such a probability, the next step ix te ascertain the inter- 
val between midnight and the moment. of opposition g@F conjunction, 
past or to come: this is done by the method taught nu. 66, or by some 
other analogous process: the instant of the oecurrenee of opposition or 
conjunction, in loval time, counted from sunrise of the place of observa- 
tion, must also be determined, by ascertaining the interval between mean 
and apparent midnight (ii. £6), the length of the complete day (ii. 59), 
and of its parts (ii. 60-6:3), ete.; the whole process is sufficiently illus- 
trated by the two examples of the calculation of eclipses given in the 
Appendix, When we have thus found the interval between midnight 


a 
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and the moment of opposition or conjunction, verse § teaches us how to 
wacertain the truo longitudes for that moment: it is by caleulating—in 
the manner taught in i. 67, but with the truce daily motions—the 

“amount of motion of the sun, moon, and node during the interval, and 
‘applying it asa corrective equation to the longitude of each at mid- 
night, subtracting in the case of the sun and moon, and adding in the 
ease of the node, if the moment was then already past; and the con- 
trary, if it was still to come. Then, if the process has been correctly 
performed, the longitudes of the sun and moon will be found to coxrres- 
pond, in the manner required by verse 7. 

“or the days of new and full moon, and their appellations, see the 
note to ii. G6, above, The teehnieal expression employed here, as in 
one or two other passages, to designate the “moment of opposition or 
conjunction” is parcanadyas, “ niidis of the pareen,” or “time of the 
parvan in nitlis, ete. perran means literally “knob, joint,” and is fre- 

uently applied, as in this term. to denote a conjuncture, the noment 
that distinguishes and separates two intervals, and especially one that is 
of prominence and importance. 


9, The moon is the eclipser of the sun, coming to stand under- 
neath it, like acloud: the moon, moving eastward, enters the 
earth's shadow, aud the latter becomes its eclipser. 


The names given to the eclipsed and eclipsing bodies are either chéddya 
and, as here, chadaka, “the body to be obscured” and “the obseurer,” 
or gréhya and gréhake, “the body to be seized” and “the seizer.” 
The latter terms are akin with-grahana and graha, spoken of above 
(note to v. 6), and represent the ancient theory of the phenomena, while 
the others are derived from their modern and scientific explanation, as 
given in this verse. 


10. Subtract the moon’s Intitude at the time of opposition or 
conjunction from half the sum of the invasnres of the eclipsed 
and eclipsing bodies: whatever the remainder 1s, that is said to 
be the amount obscured. 

11, When that remainder is greater than the eclipsed body, 
the evlipse is total: wlien the contrary, it is partial; when the 
Jatitude is greater than the lalf suia, there takes place no obscu- 
ration (risa). 


It is snfficiently evident that when, at the moment of opposition, the 
moon's latituda—which is the distance of her centre from the ecliptic, 
where is the centre of the shadow—is equal to the sum of the radii of 
her disk and of the shadow, the disk and the shadow will just touch one 
another; and that, on the other hand, the moon will, at the moment of 
opposition, be so far immerscd in the shadow as her latitude is less than 
the sum of the radii: and so in like manner for the sun, with due allow- 
ance for parallax. The Hindu mode of reckoning the amount eclipsed 
is not by digits, or twelfths of. the diameter of the eclipsed body, which 
methou we ee inherited from the Greeks, but by minutes. 
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The word grdsa, used in verse 11 for obscuration or eclipse, means 
literally “ eon. devouring,” and so speaks more distinctly than any 
other term we have had of the old theory of the physical cause of 
eclipses. 


12. Divide by two the sum and difference respectively of the 
eclipsed and cclipsing bodies: from the square of each of the 
resulting quantitics subtract the square of the latitude, and take 
the.aquare routs of the two remainders, 

13. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, give, in nédis, etc., 
half the duration (siit’) of the eclipse, and half the time of total 
obscuration. 


These rules for finding the intervals of.time between the moment 
of opposition or conjunction in longitude, which is regarded as the 
middle of the celipse, and the moments of first and Jast contact, and, in 
a total eclipse, of the bevinuine and eud of total obscuration, may be 
Hlustrated by help of the anneaed figure (Fig. 21). 

Let NCL represent the ecliptic, the point C being the ceutre of the 
shadow, and let CD be the moon's latitude at the moment of opposi- 





tions which, for the present, we will suppose to remain unchanged 
through the whole continuance of the eclipse. Tt ia evident that the 
first. contact. of the moon with the shadow will take« place when, in the 
triangle CAM, AC equals the moon's distance in longitude from the 
centre of the shadow, AM her latitude, and CM the sum of her radius 
and that of the shadow. | In dike manner, the moon will disappear en- 
titely within the shadow when BC equals her distance in longitude from 
the centre of the shallow, BN her latitude, and CN the difference of 
the two railii. Upon subtracting, then, the square of AM or®B N from 
those of C M and CN respectively, and taking the square roots of the 
remainders, we shall have the values of AC and BC in minutes. These 
May be reduced to time by the following proportion: as the excess at 
18 


. 
” 
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the given time of the moon’s true motion in a day over that of the sun — 
is to a day, or sixty midis, so are AC and BC, the amounts which the 
moon.has to gain in longitude npon the sun between the moments of 

‘eontact and immersion respectively and the moment of opposition, to 
the corresponding intervals of time, 

But the provess. as thus conducted, mvolves a serious error: the 
moon's latitude, mstead of remaining constant during the eclipse, is con- 
stantly and seusibly changing. Thus, in the figure above, of which the 
conditions are those found by the [linda processes for the eclipse of Feb. 
6th, 18GO, the moon's pathy, iystesl af being Npon the line ELK, parallel 
to the cvliptic, is really upon Qh. The object of the process next 
taught is te get mid of this error, 


14. Multiply the daily motions by the halfduration, in nédis, 
and divide by sixty: theresult, in ininutes, subtract for the time 
of contact Cyrugrata), and add for that of separation (molsha), 
respectively ; 

1d. By the latitudes thenee derived, the lalf-duration, and 
likewise the half-tine of 1otal ebseuration, are to be caleulated 
anew, and the process repeated. In the case of the node, the 
proper cerrection, Mm minutes, ele., is te be applied in the con- 
trary manier, 


This method of clauinating the error invealyed in the supposition of 
a constant latitude. and of obtatning another and more aceurate deter- 
Inination of the tervals between the moment of opposition and those 
of first and last contact. and of inmiersion and emergence, is by a series 
of successive approximations, For instance: AC, as already determined, 
being assumed as the interval between opposition and first. contact, a 
new calemation of the moon's lonvitude is made for the moment A, and, 
with this and the stan of the radii a new valne is found for AC. But 
now, a8 the positian of Ais ehiuaed, the former determination of its 
latitude Js vitiated ail nist be iaade anew, and quade to furnish anew 
a corrected value of AGC and se oon, until the vosition of A is: fixed 
with the deeree of aeenracy required. "The process must be condueted 
separately, af course, for eaeh of the four Guat ities ulected 5 simee, where 
lafitade is increasing, asin the ense ilnscratcd, the true values of AC 
and BC will be ereater than their mean values, while GE and FC, the 
true intervals in the after part of the eclipse, will be less than AC and 
BC: and the contrary when latitude is decreasing. 

We have illustrated these processes by reference only to a lunar 
eclipse: their application to the conditions of a solar eclipse requires 
the introduction of ancther ciement, that of the parallax, and will be 
explained in the notes npon the next chapter. 

The tirst contact of the eclipsed and eclipsing bodies is styled in this 
passage pragraha, © seizing upon, laying hold of;” elsewhere it is also 
ealled grésau, © devouring,” and sparca, “touching :” the last contact, or 
separation, is named moksha, “release, letting go.” The whole duration 
. Of the celipse, from contact to separation, is the sthiti, “stay, continu- 
anve;” total obscuration is vinarda, “crushing out, entire destruction.” . 
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16. The middle of the eclipse is to be regarded as occurring 
at the true close of the lunar day: if from that time the time of 
half-duration be subtracted, the moment of contact (grdsa) is 
found; if the same be added, the moment of separation. 

17. In like manner also, if from and to it there be subtracted 
and added, in the case of a total eclipse, the halftime of total 
obscuration, the results will be the moments called those of im- 
mersion and emergence. 


The instant of true opposition, or of apparent conjunction (see below, 
under ch. v. 9), in longitude, of the sun and moon, is to he taken as the 
middle of the celipse, even though, owing to the motion of the moon in 
latitude, and also, in a solar eclipse, to parallay, Ut instant is met mid- 
way between those of contact and separation, or of immersion and 
emergence, To ascertain the moment of local time of cach of these 
phases of the celipse, we subtract: and eld, from and to the local time 
of opposition or conjunction, the true intervals found by the processes 
described in verses 12 to 15. 

The total disappearance of the celipsed body within, or behind, the 
eclipsing body, is culled newidaae. literally the “closure of the evelids, 
as in winking :" its first commencement of reappearance is styled wani- 
lana, “ parting of the evelids, peeping.” We teustue the terms by 
“Immersion” and * emergence” respectively. 


18. If from half the duration of the eclipse any given interval 
be subtracted, and the remainder muliplied by the diftrence of 
the daily motions of the sun and mieon, ae! divided by sixty, the 
result will be the perpendicular (47) tn minntes, 

19. In the case of su eclipse (yruka) of the sun, the perpen- 
dicular in minutes is to be multiplied by the mean lilfduration, 
and divided by the true (sp/efe) hadf-duration, to give the trne 
perpendicular in minutes. 

20, The latitude is the base wij): the synare root of the 
sum of their squares is the hyvpothennse (crue): subtract: this 
from half the sum of the ensures, and the remainder is the 
amount of obscuration (qrisa) at the given time. = 

21. If that time be after the middle of the celipse, subtrae 
the interval from the halitduration on the side of separation, and 
treat the remainder as before: the result is the amount remgining 
obscured on the side of separation. 


The object of the process taught in this passage i to determine the 
amount of obscuration of the eclipsed body at any given moment during 
the continuance of the gcelipse. It, as well as that preseribed in the 
following passage, is a variation of that which forma the subject of verses 
12 and 13 above, being founded, like the latter, upon a consideration of 
the right-engled triangle formed by the line joining the centres of the 
eclipsed and eclipsing bodies as hypothenuse, the difference of their 
longitudes as perpendicular, and the moon's latitude as bare. And 
whereas, in the former problem, we had the basé and hypothenuse given 
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to find the perpendicular, here we have the base and perpendicular given 

_ to find the hypothenuse. The perpendicular is furnished us in time, 
and the rule supposes it to be stated in the form of the interval between 

‘ the given moment and that of contact or of separation: a form to 
which, of course, it may readily be reduced trom any other mode of 
statement. The interval of time is reduced to its equivalent as differ- 
ence of longitude by a proportion the reverse of that viven in verse 15, 
by which difference of longitude was converted into time: the moon's 
latitude ie then caleulated : fromthe two the hypothenuse is deduced 5 
and the comparison of this with the sun of the radii gives the measure 
uf the amount of obscuration. 

Verse 21 seems altogether superfluous: it merely states dhe method of 
proceeding in case the time given falls anywhere between the middle aud 
the end of the eclipse, as if the specitications of the preceding verses ap- 
plied only to a time occurring before the middle: whereas they are gen- 
eral in their character, and inelude the former ease no less than the latter. 

When the eclipse is one of the sun, allowanee needs to be made for 
the variation of parallax during its continuance: this is done by the 
process described in verse 1, of which the explanation will be wiven in 
the notes to the next chapter (vv. 14--17). 

In verse 20, for the first and only time, we have atime ealled Ashepe, 
Instead of vikshepa, as clvewhere. li the sane verse, the term employed 
for “hypothenuse™ is erara, “hearing, organ of hearing; this, ay well 
as the kindred cravang, whieh is also once or (wiee employed, is a syno- 
nym of the ordinary term Avraa, whieh means literally “ear [tis 
difficult. to see upon what conception their employment in this signifiea- 
tion is founded, 


. 22. From half the sum of the celipsel and celipsiuy bodies 
subtract any given amount of ob<euration. in minutes: from the 
square of the remainder subtraci the square of the latitude at 
the time, and take the square root of their difference. 

“28. Whe result is the perpeuclicular (Acer) ine minutes—which, 
in an eclipse of the sun, is to be multiplies by the true, and 
divided by the mean, half-duration—and this, converted into 
tage by the same manner as when finuing the duration of the 

Ipile, gives the time of the given amount vl obscuration (grisea). 


The conditions of this problem are precisely the suine with those of 
the problem stated above, in verses 12--15, excepting: that here, instead 
of requiring the instant of time when obscuration commences, or becomes 
total; we desire to know when it will be of a certain given amount. 
The solntion must be, as before, by a succession of approximative steps, 
since, the time not being fixed, the corresponding latitude of the moon 
cannot be otherwise determined. . 


24. Multiply the sinc of the hour-angle (naia) by the sine of 
the latitude (aksha), and divide by radius: the are correspond- 
ing to the result is the degrees of deflection (valundngis), which 
are yorth and south in the eastern and western hemispheres 
( Lapiila) respectively. 
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25, From the position of the eclipsed body increased by three 
signs calculate the degrees of declination: add them to the de- 
rees of deflection, if of like direction; take their difference, if of 
ifferent direction: the correspondiny sine is the deflection (va- 
fana)—in digits, when divided by seventy. 


This process requires tv be perfurmed only when it is desired to pro- 
ject an eclipse. Tn makiny a projection according to the Hindu method, 
as will be seen in eunvection with the sixth chapter, the eclipsed body 
is represented as fixed in the centre of the figure, with a north and 
suuth line, and an east and west line, drawn through it. The absolute 
position of these lines upon the disk of the eclipsed hody is, of course, 
all the time changing: but the change is, im the case of the sun, net 
observable, and in the case of the moon it is disregarded: the Strya- 
Siddhauta takes no notice of the figure visible in the moon's face as 
determining any fixed and natural directions upon her disk. It is de- 
sired to represent to the eve, by the figure drawn, where, with reference 
to the north, sonth, cast, and west pofits of the moment, the contact, im- 
mersion, emergence, separation, or other phases of the eclipse, will take 
place, Tnoorder to this, it is necessary to know what is, at each given 
moment, the direction of the celiptic, in: whieh the motions of both 
eclipsed and eclipsing badies are made. “The cast and west direction is 
represented by a small circle drawn through the velipsed body, parallel 
to the prnne vertical; the north and south direction, by a yreat circle 
passing throngh the body and through the north and south points of 
the horizon: and the direction of the ecliptic is determined by ascer- 
eertaining the aneular 
amount of its deflection 
from the small east and 
west circle at the point 
occupied by the eclipsed 
body. Thus, in the an- 
nexed figure (Fiv. 22), 
if M be the place of 
the eclipsed body upon 
the ecliptic, CL. and if 
EW be the sinall east 
and west cirele drawn 
through M parallel with 
E’ 7, the prime vertical, then the deflection will he the angle made at M 
by (OM and EM, whieh is equal ta P’ MN, the angle made by perpen- 
diculars to the two cireles drawn from their respective poles. In order 
to find the value of this angle, a double process is adopted: first, the 
angle made at M by the two small cireles EM and 1) M, which is equiv- 
ment to P MN, is approximately determined: as this depends for its 
amount upon the observer's latitude, hemg nothing in a right sphere, it 
is called by the commentary dksha valana, “the deflectiom due to lati- 
tude :” the text calls it simply valandugas, “ degrees of deflection,” since 
it doca not, like the net result of the whole operation, require to be ex- 
pressed in terms of iis sine. Next, fie angle made at M hy the ecliptic, 


rie, 99. 





133 Strya-Sildh ania, [iv. 25. 


CL, and the circle of daily revolution, DR, which angle is equal to 
. PMP’; is also measured : this the commentary calls dyana valana, “the 
deflection due to the deviation of the ecliptic from the equator;” the 
text has no special name for it. The sum of these two results, or their 
difference, as the case may be, is the zvalana, or the deflection of the 
ecliptic trom the sinall vast and west circle at M, or the angle P’ MN. 
In explaining the wnethod and value of these processes, we will com- 
mence with the sccoud one, or with that by which PMP’, the dyana 
valana, is found. In the following figure (Fig. 23), let OQ be the 
equator, and MI, the ecliptic, P and P’ being their respective poles. 
Let M be the point at which the amount of deflection of ML from the 
circle of diurnal revolution, 1) R, is sought. Let ML equal a quadrant; 
draw P’L, cutting the equator at Q; 
as also P JL, cutting it at D+ then draw Fig. 28, 
PM and QM. Now |[’ ML isa tri- 
quadrantal triangle, and hence MQ is 
a quadraut ; and therefore () is a pole 
of the circle POM, and QO is also a 
uadrant, and QM is a right angle. 
ut'D R also makes richt angles at M 
with PM; hence QM and DR are 
tangents to one another at M, and the 
spherical angle (QJM UL is equal to that 
which the ecliptic makes at M with the 
circle of declination, or to P MU: and 
QML is measured by QL. Tne rule 
given in the text produces a result which 
is a near approach to this, although not 
entirely accordant with it excepting at the solstice and equinox, the 
points where the deflection is greatest and where it is nothing. We 
are directed to reckon forward a quadrant from the position of the 
eclipsed body—that ia, from M to L, in the figu1e—and then to ealen- 
late the déclination at that point, which will he the amount of deflection. 
Batsthe declination at Lis (0, and since L BQ os a right-angled 
triangle, having a right angle at B, and since LQ aud LB are always 
loss than quadrants, J. B must be less than LQ. The difference between 
them, however, can never be of more than tiifling amount; for, as the 
angle QL 33 increases, QT. sliminishes ; aud the contrary. 

n order to show how the [indus have arrived at a determination of 
this part of the deflection so nearly correct, and yet not quite correct, 
we will cite the commentator's esplanation of the process. [le says: 
“The ‘east’ (pract) of the equator [i.¢, apparently, the point of the 
equator eastward toward which the small circle must be considered as 
pointing at M] is a point 90° distant from that where a circle drawn 
from the pole (dhrura) through the planet cuts the equator :” that is to 
say, it is the point ( (Fig. 24), a quadrant from O: “and the interval 
by which thie is separated from the ‘east’ of the ecliptic at 90° from the 

et, that is the &yana valana.” This is entirély correct, and would 
give us QL, the true measure of the deflection. But the commentator 
goes or farther to say that since tip interval, when the planet is at the 
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aolatice, is nothing, and when at the equinox is equal to the greatest 
declination, it is therefore always equal to the declination at a quadrant’s 
distance from the planet. Tlis is, as we have seen, a false conclusion, 
and leads to an crroncous result: whether they who made the rule were 
aware of this, but deemed the process a convenient one, and its result a 
sufficiently near approximation to the truth, we will not venture to say. 
The other part of the operation, to determine the amount of deflec- 
tion of the circle of declination from the east and west small cirele, is 
eousiderably more difficult, and the Uindu process correspondi 


defective. We will first present the explanation of it which the cottng,. 


mnentator gives. Ile states the problem thus: “by whatever interv 
the directions of the equator are deflected from directions correspond- 
ing to these of the prime vertical, northward or southward, that is the 
deflection due te latitude (dkxha valana). Now then: if a movable 
circle be drawn through the pole of the prime vertical (sama) and, the 
point occupied by the planet ji. e., the circle NMS, Fie. zz], then’ the 
interval of the ‘casts,’ at the distanee of a quadrant upon each of the 
two circles, the equator and the prime vertical, trom the points where 
they are respectively cut by that cirele [i.e., from T and VJ will be the 
deflection. ... Now when the planet is at the horizon [as at J), referred 
1o EB’), then that interval is equal to the latitule [ZQ]: when'the planet 
id upon the meridian (vdmyottararrita, “south and verth cirele”) [i @, 
when it is at R, referred to Qoand Z], there is ne interval [as at a 
iTenee, by the following propertion—- with a sine of the hour-angle 
which is equal to radius the sine of deflection for latitude is equal to 
the sine of latitude; then with any given sine of the hour-angle what 
18 it ?—a sine of latitude is found, of which the are is the required de- 
flection for latitude.” This is. in the Hindu form of statement, the 
epee represented hy the rule in verse 2a. viz. Wi sin lat. 22 sin 
our-angle : sin detleetion. 

It. seeins to us very questionable. at least, whether the Hindus had 
amy more rigorous demonstration thin this of the process they adopted, 
or knew wherein lay the inaceuracies of the latter, These we will now 
proceed to point out, In the first place, instead of incasuring the apgle 
made at the point in question, M, by the two small circles, the east and 
west cirele and: that of daily revelution-—which would) be the angle 
PM N—they refer the body to the equator by a cirele passing through 
the-north and south points of the horizon, and measure the deflection 
of the equator from a small east and west cirele at its intersection with 
that circle—whieh is the angle P'TN. Or, if we suppose that, in the 
process formerly explained, no regard was had to the circle of daily 
revolution, DR, the intention being to measure the difference in direc- 
tion of the ecliptic at-| M and the equator at 0, then the twg parts of 
the process are inconsiatent in this, that the one ta. es as its equatorial 
point of measurement QO, and the other T, at which two points the 
direction of the equator is ditterent. But neither is the value of PT N 
correctly found. For, in the spherical triangle DN T, to find the ajigle 
at T, we should make the proportion 


sin PT (or R) isin PN::sin PNT: sin PTN 
- Rut, as the third term in this proportion, the Hindus introduce the sine 


. 


. 
° 
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of the howr-angle, ZP? M or MPN, although with a certain moditica- 
tion which the commentary prescribes, and which maker of it some- 
thing very near the angle TPN. The text says simply natajyd, ‘the 
sine of the hour-angle™ (for nafa, see notes to iii, 34-36, and 14-16), 
bat the commentary speeities that, to find the desired angle in degrees, 
we must multiply the hour-angle in time by 90, and divide by the half- 
day of the planet. This is equivalent te making a quadrant of that 
part of the cirele of diurnal revolution whieh is between the horizon 
and the meridian, or to measuring distances upon J) Kas if they were 
proportional parts of E’Q. To make the Hindu process correct, the 
“product of this modifieation should be the angle PNT, with whieh, 
owever, it only coincides at the horizen, where both TPN and TN P 
become right-angles, and at the meridian, where both are redueed to 
nullity. $ ‘The error is closely analogous to that involved in the former 
process, and is of slicht aceount when latitude is: small, as is also the 
error in substituting T for O or M when neither the latitude nor the 
declination is great. 

The direction of the celiptic detlection (d@yana valana) is the same, 
evidently, with that of the declination a quadrant. castward from the 

int in question ; thus, in the case illustrated by the figure, it is south. 

é direction of the equatorial deflection (ddshe calana) depends upon 
the position of the point considered with reference to ie meridian, 
heing—in northern latitudes, whieh alone the Pind svstem) conten 
plates—north when that point is east of the meridian, and seuth when 
west of it, as specified in verse 24 sines, for iustanee, [EY being the 
east puintiuf the horizon, the equator at any polit between Hand Q 
poluts, castward, toward ao point nerth ef the priine vertiea. In the 
vas for which the figure is diawn, then the ditterence of the two would 
be the finally resulting deflection. Sines, momaking the projection of 
the eclipse, it is laidgoff as a straight dine (sce the ihistration given in 
connection with chapter vi), it inust be cedueced: to ifs value as sine 3 
and moreover, sine®@ it os hud) dower tuaetrele of whieh the rds is 
49 divits (sce helow, vi 2) or in whieh one dicat crpttatls 1 — for 
3499/40 == 70", nearly-—thiat sine t reduced tits value tn divits by 
dividing it by 70. 

The general subject of this: passage, the determination of directions 
during an eclipse, for the purpose of establisning the positions, upon the 
disk of the eclipsed body, of the paints of contact, immersion, emerg- 
enee, and separation, also engaged the atteution af the Greeks; Ptolemy 
devotes to it the eleventh and oweltth chapters of the sixth book of his 
Syntaxis : his representation of directions, however, ane ronsequentis 
lis method of calculation also, ave different from those here exposed, 


26. To the altitude in time (unnafa) add a day and a half, and 
divide by a half-dav; by the quotient divide the latitudes and 
the disks; the results are the measures of those quantities in 
digits (angula). 


- By this process due account is taken, in the projection of an eclipse, 
of the apparent. inerease in magnitude of the heavenly bodies when 
near the horizon. = "The theory lying at the foundation of the rule is this : 
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that three minutes of are at the horizon, and four at the zenith, are 
equal to a digit, the difference between the two, or the excess above 
three minutes of the cquivalent. of a digit at the zenith, being one 
minute. To ascertain, then, what. will be, at any given altitude, the 
excess above three minutes of the equivalent of a digit, we ought props 
erly, according to the connnentary, to make the proportion 
Re: ’s:sin altitude : corresp. excess 







Since, however, Hf would be a dong and tedious process to find the abtd,, 
tude and its RING, another and approNxTatyye proportion is substitage ae 
for this “by the blessed Sun,” as the commentary phrases it, “throaging 
compassion for mankind, and out of regard to the very slight difference: 
between the two.” It is assumed that the seale of four minutes to the. 
digit. will be always the trie one at the noon of the planet in question, ~ 
or whenever it crosses Uhe meridian, although net at the zenith: andsge., 
likewise, that the relation of the altitnds to 907 May be measured {by 
that of the dime since rising or until setting (ae2efa—see above, ii. 
37-39) to a half-day. Lenee the proportion becomes 
half-day :1’:: altitude in time : corresp. excess 

nit. in time 

half-day 
Adding, now, the three minutes, and bringin them into the fractional 
expression, we have 


and the excess of the digital equivalent above 3” equals 


equiv. of digit io minutes at given time -= alt. an time + 3 half-days 
half day 


The tithe of the fourth chapter is endl eageahaesthikara, © chapterof 
Junar celipses.” ae that ot the Mth is sergedeahanidhikira, © cliaptor of 
solar eclipses” Tn truth howewer dine processes aud explanations of 
this chapter apply net less te sebu than to lunar eelipses, while the néxt 
treats only of parniiis, as entering inte the caleulation of a solar eehipse. 
We have truken the Viberty. theretore, of medifving accordingly the 
headiuge which we have pretived fo the ehiapters. 


tel 


CUAPRER YV. 
OF PARALLAX IN A SOLAR ECLIPSE, 


Contents :-—[, when there is no parallax in Jongitude, ¢- no parallax in latitude; 
2, cnuses Of parallaa; 3, to find the orient-sine ; 4-6, the 1 eridian-rine; 5-7, and 
the sines of ecliptic zenith-diztance and altitude ; 7-8, to ti..d the amount, in time, 
of the parallax in longitude , {, its application in detern ining the moment of 
apparent conjunction; 10-11, to find the amount, in are, of the parallax in dedi 
tude; 12-13, its application in calculating an eclipse; 14-17, appligation off 
parallax in longitude in determining the moments of contact, of separation, cté” *. 





1, When the sun's place is coincident with the meridian! 
ecliptic-point (madhyalagna), there takes place no parallax igh 
an 19 
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longitude (harija): farther, when terrestrial latitude (aksha) and 
north declination of the meridian ecliptic-point (nadhyabha) are 
the same, there takes placo no parallax in latitude (avanait). 


- The latter of these specifications is entirely accurate : when the north 
declination of that point of the ecliptic which is at the moment upon 
the meridian (madhyalagna ; sec iii. 49) is equal to the observer's lati- 
.tude—revarded by the Tlindus as always north—the ecliptic itself 
: s throuch the zenith, and becomes a vertical circle; of course, then, 
Gthe effect of parallax would be only to depress the body in that circle, 
“not to throw it out of it. The other is less exact: when the sun is 
upon the meridian, there is, indeed. no parallax in right ascension, but 
there is parallax in longitude, unless the ecliptic is also bisected by the 
weridian, Ilere, as below, in verses 8 and 9, the text commits the 
Inacecuracy of substituting the meridian ecliptic-point (Lin Fig, 26) for 
the central or highest point of the ecliptic (1b in the sane figure), The 
latter point, although we are taught below (vv, 5-7) to calculate the sine 
anid cosine of its zenith-distanee, is uot once distinetly mentioned tm the 
text; the commentary calls it Grebhonadagua, “the orient ecliptic-point 
(dagna—sve above, ii, 46-48: it is the point Ci Fig, 26) less three 
signs. The commentary points out this inaccuracy on the part of the test. 
[n order to illustrate the Hindu method of looking at the subject of 
parallax, we make the following citation from the general exposition of 
it given by the conmentator under this verse: “At the end of the day 
of new moon (amdrdsyd) the sun and moon have the same longitude ; 
i new, the moon has no latitude, then a line drawn from the earth's 
centre [C in the accompanying 
figure] to the sun’s place [S] jast 
touches the moun [M]: tence, 
at the centre, the moon becomes 
an eclipsing, and the sun an 
eclipsed, baly — Stnee, however, 
Inen are not at the earth's centre, 
(garbha,* womb”) but upon the 
earth ssurtace (prshtha. “ back”), 
a tie drawn from the carth’s 
surface [13] up tothe sun dues 
not just touch the moon; but it 
ets the moon's sphere above the 
point vecupied by the moon [at 
m], aud when the moon arrives 
at this point, then is she at the 
earth's surface the eclipser of 
thesun. But when the sun is at 
the zcnith (khamadhya, “ mid- 
heaven"), then the lines drawn up to the sun from the carth’s centre 
and surface, being one and the same, touch the moon, and so the moon 
econies an eclipsing body at the end of the day of new muon. Hence, 
tod, the intérval [Mm] of the lines from the earth's centre and surface 
is the parallax (/ambena).” 


Fig, 24, 





v.1,] Translation and Notes. 148 


It is evident from this explication how far the Tfindu view of parallax 
is coincident with our own. The principle is the same, but its applica- 
tion is somewhat different. Instead of taking the parallax absolutely, 
determining that for the sun, which is BSC, and that for the moon, 
which is BMC, the Hindus look at the subject. practically, as i invst be 
taken account of in the calculation of an eclipse, and calculate only the 
difference of the two parallaxes, whieh is a BM, or, what is virtually 
the same thing, MC im. The Sarya-Siddliinta, however, as we shall see 
hereafter more plainly, takes no account of any case in which the line 
CS would not pass through M, that is to say, the moon's latitude is. 
neglected, and her parallay calculated as if she were in the ecliptic. 

We cite farther from the commentary, in illustration of the resolution 
of the parallax into parallax in longitude and parallax in latitude. 

“ Now by how many deerees, measured ou the moows spliere (gola), 
the line drawn from the carth’s surface up to the sun ents the moon's 
vertical circle (drqrrtta) above the point occupied by the moon—this is, 
whon the vertical civele and the veliptic comende, the noons parallax in 
longitude (dambuna). But when the eveliptic deviates from a vertical 
circle, then, to the point where the line fiom the carth’s surtiwe cuts the 
moon's sphere on the meun’s vertical cirele above the moon [1 ¢. to m, 

Fig. 25. Fix. 25]. draw through the pole 
of the celiptie (Aadamba) a cir- 
Cle [Po yea] torth and south to 
the celiptie on the moon's sphera 
[Mae js amd then the cast: and 
weet interval [Mal an the eelip- 
He Tetwoen the point occupied 
by the moon [M] and the point 
where the circle as drawn cuts 
the ecliptic on the moon's sphere 
[u'| ix the moon's true (pavta) 
parallax in longitude, in minutes, aud is the perpendicular (Aol). 
since the moon moves alone with the ecliptic, the north and south ne 
val, upon the cirele we have drawn, between the ecliptic and the vertréal 
circle [a n’] is, in minutes, the parallax in latitude (nati); which is the 
hase ((4ja). ‘The interval, in minutes, on the vertical circle [Z A}, 
between the lines from the earth's centre and surface [mM], is the ver- 
tieal parallax (d¢rglanbanc), and the hypothenuse,” 

The conception here presented, it will be noticed, is that the moon’s 
path, or the “eeliptie on the moon's sphere,” is depressed away from 
CL, which might be called the © echptic on the sun's gas to .<n 
amount measured as latitude by ma’, and as longitude by af MM. Te 
our apprehension, mM, cather than ma‘ M, wou | be the trianglé of 
resolution: the @o are virtually equal. is 

The commentary then goes on farther to explain that when the ver- 
tieal cirele and the sceondary to the ecliptie coincide, the parallax. fr. 
longitude disappears, the whole vertical parallax becoming ‘parallax’ in 
latitude: and again, when the vertical circle and the ecliptic coincide, 
tho parallax in latitude disappears, the whole vertical parali becoming 
parallax in longitude. 
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. The term uniformly employed by the commentary, and more usually 
by the text, to express parallax in longitude, ummely Jembana, is from 
the same root which we have already more than once had occasion to 
notice (sce above, uuder i. 25, 60), and meaus literally “ hanging down- 
ward.” In this verse, as once or twice later (vv. 14, 16), the text uses 
harija, which the commentary cvplains as equivalent to Ashitija, “ pro- 
duced by the earth :” this does not seem very plausible, but we have 
nothing better to sugvest. For parallax in latitude the test presents 
only the term @raned, “ bending dowuward, depression :" the comimen- 
tary always substitutes for it weft, whieh has nearly the same sense, and 
is the custotnary modern term. 


2. low parallax in latitude arises by reason of the difference 
of place (feet) and time (fala), and also parallax in longitade 
(lambane) from direction (dic) eastward or the contrary—that is 
now to be explained. 


This distribution of the three elements of direction, place, and time, 
AS causes respectively of prumdlax ino longitude and in latitude, is: some- 
what arbitrary, ‘“Vhe verse is to be taken, however, rather as a general 
Introduction te the subject of the chapter, than as a systematic state- 
ment of the causes of porallay, 


3. Caleuliute. by the equivalents in oblique ascension (udayd- 
savrs) of the observers place, the orient celiptie-point (lagna) for 
the moment of conjunction (yervarinddyas); wultiply the sine 
of its Jongitude by the sine of greatest declination, and divide 
by the sine of co-latitude (dam: the resuit is the quantity 
known as the orient-sing (faye). 


The object of this first. step in’ the rather fedtons operation of ealeu- 
lating the parallay is to fine fora viven mement--here the moment of 
true conjunetion---the sine ef raapitnde of that point of the ecliptic 
which is then upon the eastern horizon. Tithe tirst place the longitude 
of that point. (/ugna) is determine), by the data and methods tanght 
above, in Ji. 46-48, and whieh are safficiently explained in the note to 
that passage: then its sine of amplitude is found, by a process whieh ts 
a combination of thar for finding the deelinetion fram the longitude, 
and that for finding the amplitude froin the decimation. Plus, by i, 28, 

Resin er. deel stsin dong. sin deel, 
and, by iti, 22-23, 
sin co-let.: Rt: sin deel. sin amp. 
flence, by combining terme, we have 
sin co-lat. : sin gr. deel. ¢: sin long. : sin My. 

This sine of amplitude receivers the technical name of udaya, or 
udayujyd: the litcral meaning of udaya is simply “ rising.” 

4, Then, by means of the equivalents in mght ascension 
(iankodaydsovus), tind the ecliptic-point (/agua) ealled that of the 
meridian (madhya): of the declination of that point and the lati- 
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tude of the observer take the sum, when their direction is the 
same; otherwise, take their difference. 

5, The result is the meridian zenith-distance, in degrees (natdn- 
¢@s): its sine is denominated the incridian-sine (madhyajyd). .. . 


The accompanying fvure (Fig, 26) will assist the comprehension of 
this and the following processes. Let NES W be a horizontal plane, 
NS the projection upon it of 
the meridian, and EW that 
of the prime vertical, Z being 
the zenith. Let CL Tbe the 
celiptic. Then C igthe orient 
ecliptic-point (degra), and C 
1) the sine of its amplitude 
(udayupizt), found by the last 
process, The meridian ecliptic 
point (wadhyulaqna) is L: it 
1B ascertained hy the method 
preseribed in lil. 49), above, 
Its disanee from the zenith 
is found from. its -declination 
aud the latitude of the place 
of observation. as tanvht in 
Hi. 20-223 and the sine of 
that distance, lw which, in 
the figure, it is seen projected, 
is Z1.: it is called by the ceelmieal name madhuajyd, whieh we have 
translated “ meridian-sine. 


Fig. 26. 





&.... Multiply the meridian-sine by the orient-sine, and divide 
by radius: square the result, 

6. And sitract it from the square of the meridian-sine: the 
square reot of the remaniler is the sine of ecliptic zenith-distanee 
(arkkshepu), the seuare root of the difference of the squares of 
that and radins is the sine of ecliptic-altitude (rate). 


Tlere we are tanzht how to find the sines of the zenith-distance and 
altitude respectively of that point of the celiptic which has greatest alti- 
tude, or is nearest to the zenith, and which is also the central point 
of the portion of the eeliptic above the horizon: it is called by the 
commentary, as already noticed (see note to v. 1), “ribhonalaqgna, Thus, 
in the last figure, if Qn be the vertival circle passing through the pale 
of the celiptic, P) and entting the celiptie, C1, in B, B is the central 
ecliptic-point (tritdonulima), ant the ares seen srojected in ZB and 
BR are its zenith-distanee and altitude respectivey. Tn order, new, to 
find the sine of 21, we first find that of BL, and by the following pro- 
cers. ('D) is the arient-sine, already found, But since CZ and CP! 
are quadrants, C is a pole of the vertical cirele QR, and CR is a quad- 
rant, ES is also a quadrant: take away their common part CS, and 
CE remains equal to SR, and the sine of the latter, SO, is equal to 
that-of the former, © D, the “orient-sine.” Now, then, ZB L is treated 
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as if it were a plane horizontal triangle, and similar to ZOS, and tho 
proportion is made 
Z8:;50;:4L: BL 


or K : or-sine :: mer-sine : BL. 

This is so far a vorreet process, that it gives the true sine of the are 
BL: for, by spherienl trigonometry, in the spherical triangle ZBI, 
Tivht-anvled at Bi, 

sn Zi Lesin 8ZL::sin are ZG ssin are BL 
or R:SO::ZLisn BL 


But the third side of a plane right-angled triangle of which the sines 
of the ares ZB and ZL. are hypothenuse and perpendicular, is not the 
sine of BEL. If we conceive the two former sines to be drawn trom Z, 
meeting nb and € respectively the lines drawn from [and TL to the 
centre, then the fine Joining 62 will be the third side, being plainly less 
than sin BE. fence, on subtracting sin? BL from sin?Z L, and taking 
the square root of the remainder, we ebtain, not sin ZB, but a less quan- 
tity, which may readily be shown, by spherical trigonometry, to be 
sinZ Beos BL. The value, then, of the sine of ecliptic zenith-distance 
(drkkshepa) as letermined by this process, is always less than the truth, 
and as the corresponding cosine (dragat/) is found by subtracting the 
square of the sine from that ef radins, and taking the square root of the 
remainder, its value is always proportionally greater than the truth. This 
Inaceuracy Is noticed by the commentator, who points out correctly its 
reason and nature: probably i owas also known to those who framed the 
Tule, but disrevarded, as not sufficient to vitiate the general character of 
the process: and if nay, indeed, well cuough pass unnoticed among 
all the other iaccuracies invelved im the Tindu ealeulations of the 
parallax. 

As regards the terms employed to express the sines of celiptic zenith- 
distance and altitude, we have already met with the first metaber of each 
compound, dre, literally “sight in other eounected uses: as in drqajyd, 
“sine of zeuith-distanee” (see above, ii. 33), drgrrtta, “vertical-eirele” 
(commentary to the first verse of this chapter}* here it is combined 
with words which seem to be rather arbitrarily chosen, to form teehni- 
eal appellatinns for quantities used only in this process: the literal 
mean of Askepa is “ throwing, hurling ;” of gadi, “ wait, notion.” 


7. The sine and cosine of meridian zenith-distance (neldneds) 
are the approximate (asphufc) sines of ccliptic zenith-distance 
and altitude (drkkshepa, drggatr). .. . 


This is intended as an allowable simplification of the above process 
for finding the sines of ecliptie zenith-distance and altitude, by substi- 
tuting for them other quantities to which they are nearly equivalent, 
and which are easier of calenlation. These are the sines of zenith- 
distance and altitude of the meridian ecliptic-point (madhyalagna—L in 
Fig. 26) the former of whieh has already been made an element in the 
other process, under the name of “meridian-sine” (madhyajyd). It 
mig lit, indeed, from the terms of the text, be doubtful of what point the 
altitude and zenith-distance were to be taken; a passage cited by the 
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commentator from Bhaskara’s Siddh4nta-Ciroinani (found on page 221 
of the published edition of the Ganitadhyaya) directs the sines of zenith- 
distance and altitude of 13 (¢ribkonalagna) when upon the meridian— 
that is to say, the sine and cosine of the are Z -—to be substituted for 
those of Z13 in a hasty process: but the value of the sine would in 
this case be too sinall, as in the other it was too great: and as the text 
nowhere directly recognizes the point [, and as directions have been 
given in verse 5 for finding the meridian zenith-distance of L, it scems 
hardly to admit of a doubt that the latter is the point to which the text 
here intends to refer. 7 

Probably the permission to make this substitution is only meant to 
apply to cases where Z 1, is of sinall amount, or where C has but little 
alnplitude. 


ad 


6 
(.... Divide the square of the sine of one sign by the sine 
ealled that of ccliptic-altitude (drygatijiv’); the quotient is the 
“divisor” (rhera). . 

8. By this “divisor” divide the sine of the interval between 
thé meridian ecliptic-point (madhyulayna) and the sun's place: 
the quotient is to be regarded as the parallax in longitude (lam- 
buna) of the sun and moon, eastward or westward. in niidis, ete. 


The true nature of the process by which this final) enite for finding the 
parallas in longitude is obtamed is altogether itddeu frome sight under 
the fourm in which the rule is stated. Its method is as follows: 

We have seen, in connection with the first verse of the preceding 
chapter, that the preatest paurallaves of the sun and iuoen are quite 
nearly equivalent tu thegmene motion of exci during 4 nadia. Hence, 
were both bodies in the herizou, amd the eeliptic a vertical circle, the 
moou Would be depressed in her orbit heiow the sun ty an amount equal 
to her excess in motion during 40 naidis. This. then. is the moon's 
erentes! horizontal parallay in lougitade. ‘To tind what it would be at 
any other point in the ecliptie. sull considerel as a vertical cirele, we 
make the propertion 

RR: ¢ (hor, par.) ss sin zen.-dist.: vert. paraliax 

This proportion is entirely correct, and in aceordance with our modern 
rule that, with a given distance, the parallax of a body varies as the sine 
of its zenith-distanee > whether the Hindus had made a rigoreus de- 
moustration of its truth, or whether, as mse many other cases, seeing 
that the parallax was greatest when the sine of zenith-distance was 
greatest, and nothing when this was nothing, they assumed it to vary 
in the interval as the sine of zenith-distanee, saying “if, with a sine 
of zenith-distanee which is equal to radius, the yp wallax os four uddis, 
with a given sine of zenith-distance what is it /"—.his we will not ven- 
ture to determine. 

But now is to be considered the farther case in which the ecliptic is 
hot a vertical circle, but is depressed below the zenith a certain distance, 
measured by the sine of ecliptic zenith-distance (drhkshepa), already 
found, JIere again, noting that the parallax is all te be reckoned ag 
parallax in longitude when the ecliptic is a vertical circle, or when the 
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sine of ecliptic-altitude is greatest, and that it would be only parallax 
in latitude when the ecliptic should be a horizontal circle, or when the 
sine of ecliptic-altitude shonld be reduced to nothing, the Hindus assume 
it to vary in the interval as that sine, and accordingly make the propor- 
tion: “if, with a sine of ecliptic-altitude that is equal to radius, the par- 
allax in longitude is equal to the vertical parallax, with any given sine 
of ecliptic-altitude what is it ?’—or, inverting the iniddle terms, 

Rossin cel-alt. zz vert. parallax : parallax in long. 
But we had before 

hi: : :isin zen.-list. 2 vert. parallas 
hence, by combining terms, 

Ni s4siueel-alt.:: sin zen-list, > paraulax in lou. 
For the third term of this proportion, now, is substituted the sine of the: 
distance of the given point from the central ecliptiv-point : that is to say, 
Bm (Fig. 26) is substituted fur Zoe; the two are in fact of equal value 
vuly when they coincide, or clse at the horizon, when each becomes a 
quadrant; but the error invelved in the substitution is greatly lessened 
by the ciremnstance that, as it increases in proportional amount, the 
parallax in Jougitude itself decreases, until at LD the latter is reduced to 
nullity, as is the vertical parallax at Z. The teat. indeed, as in verses 
T and 9, puts madhkyalaana. L. for Gribhonalagna, By iw reekouing: this 
distance : but the commentary, without ceremony or apology, reads the 
latter tur the former, ‘These substitulious being made, and the propor- 
tion being reduced to the form of an equation, we have 


: ein list. Asin ecl-alt. 
par. in dung. = +--+ - Sone 


Re 
Which redtices to 
_ sin dist. af sin list, 
: JO? — 4 sin eel.-alt. {hf =- sineel. all, 
and siuee YR? (31)?, and PRa2 sin th. we dave finally 
stnel~t. 


par. in long. ee ee “los evlealt 


which is the rule given in the teat. Toth. denominator of the fraction, 
in its final fourm, is viven the techimeal mune of eAeda, “divisor.” which 
word we have had betore similarly used, to designate one of the factors 
in a complicated operation (sce above, il, 35, 34). 

We will now examine the correctness of the second principal propor- 
tion from which the rule is dedueed, Tt is, in terms of the last tigure 
(Fig. 26), 

Risin ZP(=ER)tim Mian 
Assuming the equality of the little triangles Mim and Mma, and 
accorlingly that of the angles m Mn and M mn’, which latter equals 
Zm 1", we have, by spherical trigonometry, a» a true proportion, 
‘ sin man’ Misin Mamn’::mM i mn! 
or Risin ZmPi;:mMimn 


Hence the former proportion | is cBrrect only when sin Z)" and sin 
7m P' are equal; that is to sdy, when ZP’ measures the angle Zm TI’; 
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and this can be the case only when Zm, as well as P’ m, is a quadrant, 
or when m is on the horizon. Here again, however, precisely as in the 
case last noticed, the importance of the error is kept within very narrow 
limits by the fact that, as its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes, 


9. When the sun’s longitude is greater than that of the meri- 
dian ecliptic-point (madhyalagna), subtract the parallax in longi- 
‘tude from the end of the lunar day; when less, add the same: 
repeat the process until all is fixed. 


The text so pertinaciously reads “meridian ecliptic-point” (madhya- 
lagna) where we should expeet, aud ought to have, “central ecliptic- 
point” (tribhonaliyna), that we are almost ready to snspect it of mean- 
ing to designate the latter pout by the former name. Tt is sufficiently 
clear that, whenever the sun and moon are to the eastward of the ceu- 
tral ecliptic-point, the ctivet of the parallax in longitude will be to throw 
the moou forward on her orbit bevond the sun, and so to canse the time 
of apparent to precede that of real conjunetion; and the contrary. 
Hence, in the eastern hemisphere, the parallax, in time, is subtractive, 
while in the western Tt is additive. Duta single ealeulation and appli- 
cation of the correction for parallax is not enough; the moment of ap- 
parent conjunetion must be found by a reries of successive approxima- 
tions! sinee i, for instance, the moment of true conjunetion is 252 9, 
and the calculated parallax in tonentude for that moment is 22 21%, the 
apparent emd of the lunar day will nut be at 272 23%, because at the 
latter thine the parallax will be ereater than 28215, d dferring aceordingly 
still farther the Gime of conjanetions aud soon. The commentary ex- 
Plains the iethod of procedure more fiily. as follows: tor the moment 
of true conjunction tn lomstude calculate the parallax in longitude, and 
apply it te that moment: for the time thus found eeleulate the parallax 
anew, and apply it te the moment ef trie conjunetion: again, for the 
time found as the result of this process, ealealate the peunllax, snd ap- 
ply it as before; and so proceed, uutil a moment is arrived at, at which 
the difference in actual longitude, aeeording te the motions of the two 
planets, will just equal and counterbalance the parallax in longitude. 

The accuracy of this approximative process cannot but be somewhat 
Impaired by the circumstance that, while the parallax is reckoned in 
difference of mean motions, the corrections of longitnde must be made 
In true motions. Indeed, the reckoning of the horizontal parallax in 
time as 4 nadis, whatever be the rate of motion of the sun and moon, is 
one of the most palpable among the many errors which the Hindu pro- 
cess involves. 

Ty ascertain the moment of apparent conjuncti n in longitude, only 
the parallax in lonvitude requires to be known; ut to determine the 
ume of occurrence of the other phases of the eclipse, it is necessary to 
take into account the parallax in latitude, the ascertainment 9f which is 
accordingly made the subject of the next rule, 


‘10. If the sine of ecliptic zenith-distance (drkkshepa) be multi- 
plied by the difference of the mean motions of the sun and 
: 20 
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moon, and divided by fifteen times radius, the result will be the 
parallax in latitude (ieunede). 


As the sun's greatest parallax is equal to the fiftcenth part of his 
mean daily motion, and that of the moon to the fifteenth part of hers 
(sce note to iv. 1, above), the exeess of the moon's parallax over that of 
the sun is equal, when createst. to one fifteenth of the differeuce of 
their respective mean daily motions, ‘This will be the value of tho 
parallax in datvude when the celiptie coincides with the horizon, or 
when the sine of eelipiie zevith-distance becomes cqual to radius, On 
the other hand. the parallax in latitude disappears when this same sine 
is reduced to nullity, Henee it iste be regarded as varying with the 
sinc of echiptie cenith-disianee, and. in order to find its valne at any 
given peint, we sav “af with a sine of ecliptie zenith-distanee which is 
equal te radius, the perallay in latitude is one fifteerth of the difference 
of wenn dallv motions, with aogiven sine of celiptic zemith-distance 
what is it!” or 

Le: dif, of mean m.-t5 5: sin eel zendi-t. parallax iu dat. 

This proportion, it is evid: nl, would eive with entire correctness the 
parallax at Che central celintie point (Boing Vig. 26), where the whole 
vertical parallay is to be reckoned as parallas in fatitede. But the ane 
given Inthe test else assump s that, with aowiven position of the cehiptie, 
the parutiax te detuide ts the sane at any point in the cehipties Ol this 
the qumaenies offer pe chanonsteetion, but it is essentially trae, For, 
regardiny tee datiia wrinnerly Moats a wbiie trinpele, rihit-anuled al 2, 
and with ais acyl aa M coal te the a: vie Zao by we live 

Porsin Aare tye: Maas Mua 

But, in the spherical triangle Zee Dy. right-igled at 2B, 

Jirain Z.eJs:.-in Zisrsin Z43 
Hence, by equality of ratios, 

cn Amisin Z2b1:Mmi Mn 

But, as before shown, 

Risin Amrtet, porcliaxs : Min 
Hence, by combinies teri. 

erwin AQd ster. parma + Mov 

That is to say, whatever be the position ofa, the point for which the 
parallax ia lativide Is sought. this will be coual to the product of the 
greatest parallax into the sine of celiptie zenith-distanees, divided by 
relius: or, as the grestest parallay cquals the dilference of mean mo- 
tions divided by fifteen, 

: sin eel. zen dist. >< dif of mom.-=15 bi eel. zen.-dist. X diff. of m.m., 
par. te dat. se me ee ene ee OT eee -— 
it RX 15 

The uext verse teaches more snmmary incthods of arriving at the 

palne quantity. 


“11, Or, the parallax in latitude is the quotient arising from 
dividing the sinc of ecliptic zonith-distance (drkkshepa) by sev: 
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enty, or, from multiplying it by forty-nine, and dividing it by 
radius. 


In the expression riven above for the value of the parallax in latitude, 
all the terms are coustant excepting the sine of celiptic zenith-distance. 
The difference of the mean daily notions is 731/27", and fifteen times 
radius is 51,570", Now 731/27"—51,570! equals wy'ex or 48.77—R} 
to which the expressions given in the text are sufliciently near approxi- 
mations. 


12. The parallax in Jatitude is to be regarded as south or 
north according to the direction of the merilian-since (madhyajyd). 
When it and the moon’s latitude are of like direction, take their 
sum; otherwise, their difference : 

13. With this ealenlate the haifduration (sti/ti), half total ob- 
scuration (vimerda), amount of obscuration (rise), ete, in the 
manner already fanght; likewise the seale of prujection (pra- 
mdna), the deflection (cafe, the renired amount of obscura- 
tion, cic., as in the case of a Januar eclipse. 


In ascertainine the frne time of occurrence of the various phases of 
a solar eclipse, as deterinined by the paralles of the given pomt of ob- 
seTvition, we are Gught first foamanke the whole correction for parallax 
in Jatitude, and then afflerward to apply chet fa peuralian in tonvitude. 
The former part of the process is suecite ily taqead in verses 12 and 13; 
the rules for the ether follow iu the rest passe. The lanenage of the 
text, as sual, Is by Lo Weds se elena atel oN elt as cont be wished. 
"Thus, in the ease before us, we net taseda whether, az the first step 
In this process of corbertian. Weare te eceuiite Che moon's parallax in 
latitude for the Uime of tite eonjunetion (elfeeéa, end of the hinar 
day"), or for that of apparent conpenction (aachaagrehana, “iuniddle of 
the eclipse") Vtontelit he sapposed Gia as we diawe this far only ad 
In the text direction: fou findites: the sine and cosine of celiptic zenith- 
distanee at the moment of true redubehien, the former af them was to 
be used in the caleuludons of verses PO oand Pl and the result) fren it, 
Whiel would be the parallas at the mament of trae conjunetion, applied 
here as the correction needed, Neoroso firs we have been able te 
discover, does the eonmentater expound whit is the tre mesariue of 
the text upon this potnt. ft ois saffieientty esident, ew ower, that the 
Moment ef apparent coupnetion is Che dune requived. Vo uave found, 
by a process of suecersive approsimmation, at what tars (foe Pie. 25), the 
moon (her Jatiinds being negleetod) being at aaa) the sua at a, the 
parallax du longitude and fhe ditferenee of tins loagiteee will both be 
the suune quantity, yea. and so, when apparent conju Gen will take 
place. Now, to krow the distance of the twee itres at that moment, 
we require ty aseertain the parallay in latitude, 2 ¥) far the moon et m, 
and to apply it to the moon's date when in the sune position, taking 
their snin when their direction is the same, and their difeyenee when 
their direction is different, as preserbed by tue text; the net reaolt will 
be the distance required. ‘The commentary, it way be remarked, ex- 
pressly states that the moon's latitude is to be calculated in this opvra- 
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bs , 
tion for tho time of apparent conjunction (madhyagrahena). The dis- 
tance thus found will determine the amount of greatest obscuration, and 
the charactcr of the eclipse, as taught in verse .10 of the preceding chap- 
ter. It is then farther to be taken as the foundation of precisely such 9 
process as that described in verses 12-15 of the same chapter, in order 
to ascertain the half-tiine of duration, or of total obscuration : that 1s to 
say, the distance in latitude of the two centres being first assumed as 
invariable through the whole duration of the eclipse, the half-time of 
duration, and the resulting moments of contact and separation are to be 
ascertained : for these moments the latitude and parallax in Jatitude are 
to be calculated anew, and by them a new determination of the times of 
contact and separation is to be made, and so on, until these are fixed 
with the degree of accuracy required. If the celipse be total, a sinilar 
operation must be gone through with to ascertain the moments of im- 
mersion and emergence, No account is made, it will be noticed, of the 
possible vecurrence of an annular eclipse, 

‘Phe intervals thus found, after correction for parallax in latilude 
only, between the middle of the eelipse and the moments of contact and 
separation respectively, are those whieh are ealled in the last chapter 
(vv. 19, 23). the “mean halfduration ” (wnadhyasthityardha). 

In this process for finding the net result, as apparent Jatilude, of the | 
actual latitude and the parallay in latitude, is brought out with dis 
tinctness the inaccuracy already alluded toy that, whatever be the 
moon's actual Iatitude, her parallax is always caleulated as if she were 
in the ecliptic. Tuan eclipse, however, to which ense alone the Hindu 
processes are Intemwlel to be applied. the moos lalitude can never be 
of any considerable amount. 

The propriety of determining the -lireetion of the parallay in latitude 
by means of that of the meridian-sine (ZT. in Fig. 20). of which the 
direction is established as south or north by the process of its caleula- 
tion, is too evident to call for remark. 

Iu verse 13 is given a soinewhat confused specification of matters 
which are, Mdeed, atfectod hy the parallas iM latitude, but in different 
modes and deyrees. The amount of greatest: obscuration, aud the 
(mean) hialf-times of ditration and total obscuration, are the quantities 
directly dependent npon the calculation ci that parallax, as here pre- 
sented: to find the amount of obscuration ai a given moment—as also 
the time corresponding to a given amount of obseuration—we require 
to know also the true half-duration, as found by the rules stated in the - 
following passage: while the scale of projection and the deflection are 
affected by parallax ouly so far as this alters the tine of occurrence of 
the phases of the eclipse. 


14. Tor the end of the lunar day, diminished and increased by 
the half-duration, as formerly, calculate again the parallax in 
longitude for tho times of contact (grdsa) and of separation (mok- 
sha), and find the difference between these and the parallax in 
longitude (hurija) for the middle of the eclipse. 

15, If, in the eastern hemisphere, the parallax in longitude 
for the contact is greater than that for the middle, and that for 
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the separation less; and if, in the western hemisphere, the con- 
trary 1s the case— 

16. Then the difference of parallax in longitude is to be added 
to the half-duration on the side of separation, and likewise on 
that of contact (pragrahaue); when the contrary is true, it is to 
be subtracted. 

17. These rules are given for cases where tle two parallaxes 
are in the same hemisphere: where they are in different hemi- 
spheres, the sum of the parallaxes in longitude is to be added to 
the corresponding half-duration. ‘The principles here stated ap- 
ply also to the halftine of total obecuration, 


We are supposed to have aseertaine.., by dhe preceding process, the 
true amount of apparent latitude at the moments of first and last con- 
tact of the celipsed ane celiyp sing bodie-, and consequently to have de- 
termined the dimensions of the traumyle—corresponding, ina solar 
eclipse, to CGP, Figs 2h ina danar - made ny of the kintude, the dis-— 
tance in longitude, wil the simiof the twe radi Phe cuestign now is - 
how the duration of the celipse will be wteeted ba the parallay in lonai- 
tude. Ef this parallax cemiatned constant daring the contaaanee of the 
eclipse, its efleet would be nothings and, dasine once deteruined by it 
the tine of apparent cenjinetion we shoubkb et need to take it farther 
into account. Dutoit vate. fromm ineiment toonionsedt, and the effect of 
its variation is to protons the dirt of every part of a visible evlipse. 
For, to the east of the ceatral celiptie-paiit. it throws the moon's disk 
forward wen that of the sun, thus hasteniig the oecurrence of all the 
phases of the eclipse, ta Lyin amedn’ wooeh ised the tine decreasing, 
80 that it hastens the be suming of the eciipse iare than the middle, 
and the middle more than the eloses to the west of that same point, on 
the other hand, if depresses the woes disk aveav fren the star's. but by 
an amount constantly dieressime. so that it retards the end of the eelipse 
more than ifs aniddle. and its oantddie qnore thin: its heainuite, ‘The 
effect of the parallax in loneitude. them tpeneaeh halfluration of the 
eclipse, will be measured by the dikirenee between its retarding and ae- 
celerating Reets upon contact ad coujuuetion, aed upon conjunetion 
and separation, respectively sand ibe amount of this difference will 
always be wdlditive to the Gime of halduration as otherwise determined. 
If, howeygr, contact and conjunetion, or conjunuetion | and separation, 
take sap opposite sides of the point of uo parallax in longitude, 
then the sum of the two parallactic elects, instead of their difference, 
will be to be added to the corresponding hal" duration: siuee the one, 
on the east, will hasten the occurrence of the former yoase, while the 
other, on the west, will defer the occurrence of he latter phase, The 
amount of the parallax in lonzitnde for the middle of the eclipse has 
already been found; if, now, we farther determine its amount—reckoned, 
it will be remembered, always in tine—tor the moments of contact and 
separation, and add the difference or the sum of cach of tlese and the 
eens for the moment of conjunction to the corresponding hualt- 

uration as previously determined, we shall have the true times of half- 
duration. In order to find the parallax for contact and ‘separation, we 
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repeat the same process (sce above, v. 9) by which that for conjunction 
was found: as we then started from the moment of true conjunction, 
and, by a scrics of successive approximations, ascertained the time when 
the difference of lougitude would equal the parallax in longitude, so now, 
we start from two moments removed from that of trne conjunction by 
the equivalents in time of the two distances in longitude obtained by the 
last process. and, by a similar series of successive approximations, ascer- 
tain the times when the differences of longitude, tovether with the par- 
allax, will equal those distances in Jongitude, 

In the process, as thus conducted, there is an evident inaceuracy. It 
is not enourh ty apply the whole correction for parallax in fatitude, snd 
then that tor parallay in longitude, sinee, by reason of the change effeeted 
by the latter in the times of congiet and separation, a new ealculation of 
the former Leeomes necessary, and then again anew ealenlation of the 
latter, and so on. until, by ao series of doubly eompottided) approsinia- 
tions, the true value of each is determined, "This was doubtless known 
to the framers of the svstem. but passed over by them, on account of 
the excessively laborious character of the complete caleulation, and) be- 
cause the accuracy of such results as they could obtain was not sensibly 
affected by its negiect. : 

The question naturally arises, why the specitii ations of verse 15 are 
made hypothetical insteml of positives aud why.in the latter half of 
verse 16, 8 case is supposed which never arises, “Phe commentator an- 
ticipates this objection. and takes much pads to remove it: it is nut 
worth while to follow das different: pies, whieh amount te no real expla- 
nation, saving to vetiee hits last siszestion. thaw. in ease an celipse beqins 
before sunrise, Ue paratiay for its cariier phase or pluses. as calculated 
according tu the distanee in time trom the tower meridian, may be less 
than for its later phases-—and the coutrary. when the eclipse ends after 
sunset. “This misy possibly be the true eseliaiauen, alfhouch we are 
justly surprised at Hnding acease of so little practical comsequence, and 
to which no allision has been neue in the previous processes, here 
taken inte account. 

The teat, it may be remarked. by it- use of the tertas “eastern and 
WesteTh hemispheres” (hres potlea, Jvernily "enpy, vessel) repeats onee Were 
its substitution of the qertdian ecliptic. tut (aadhyataqa) fur the 
eentral eeliptie-point (Q7ZAaerdlager), as lint of ie parallax in loncitude 3 
the meridian forming the only proper and reeewnized divisiow of the 
heavens into an exstern and a western hemisphere, 

We are now prepared to see the reason of the special directions given 
in verses 19 and “3 of the last chapter, respecting the reluetion, in a 
solar eclipse, of distanee ia time from the middle of the celipse to dis- 
tance in Jongitude of the two centres, The “mean halfduration” 
(madh yasthityardha) of the eclipse i> the time during which the true dis- 
tance of the centres at the moments of contact or separation, as found 
by the process preseriber in verses 12 and 13 of this chapter, would be 
gained hy the weon with her actual exeess of notion, leaving out of ac- 
count the variation of parallax in longitude: the “true halfduration ” 
(sphutasthityardha) is the inercased time in which, owing to that varia- 
tion, the same distance in longitude is actually gained by the moon; 
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the effect of tho parallax being equivalent cither t6 a diminntion of the 
‘moon's excess of motion, or to a protraction of the distance of the two 
eenters—both of them in the ratio of the true to the mean half-duration. 
If then, for instance, it be required to know what will be the amount of 
obscuration of the ann half an hour after the first contact, we shall first 
subtract this interval from the true half-duration before conjunction ; the 
remainder will be the actual interval to the middle of the celipse: this 
interval, then, we shall reduee to its value as distance in longitude by 
diminishing it, either before or after its reduetion (o minutes of arc, in 
the ratio of the true to the mean halfduration, The rest of the process 
will be performed precisely as in the case of an eclipse of the moon, 

Notwithstanding the ingennity and approximate correctness of many 
of the rules and methods of ealeulation Guaight in this chapter, the whole 
process for the ascertaimment of parallas: contains so miuv elements of 
error that it hardly deserves to be ealled ofhierwise than cnmbrous and 
baneling., The false estimate of the dilferenee between the aun's and 
moon's horizontal paraliax—the neewleet, i determining it, of the varia- 
tion of the moon's distanee—-the estimation of its value in tine made 
always aceording to mean motions, whatever be the true motions of the 
planets at the moment—the neglect, in calemating the ameunt of par- 
allax, of the moon's hatitude--these. with al the other inaecuracies of 
the processes of ealeulation whieh have been pointed ont im the notes, 
render it Impossthle that the vesults olvfamect shound ever be ere than 
a rude approximation to the truth, 


In farther iiatration of the subject of sole eelipses, as exposed in 
this and the preceding chaprers, we present, in the Appendix, a full eal- 
eulation of the celipse of May cach. P54, mainly as made for the tran 
Jator, during his residence in India, by a cuative a-trunomer. 


CUAPTER Vd. 
OF THE PROMECTION OF FCLIPSES, 


Contenta:—1, value of a projection, 2-4, general directions; 5-6, how to lay off 
the deflection and latitude fur the begiming and end of the ectipse ; 7, to exhibit 
the points of centact and separation, $-10, huw to lay off the detlection and lati- 
tude for the uiddle of the eclipse, U1, to show the amount of greatest: obscura- 
tion, 18, reversal of directions in the western hemisphere; 1 feast amount of 
obscuration observable; 14-16, to draw the path of the celipsing body; 17-19, to 
show the amount of obscuration ata given time; 2u-22 to exhibit the points of 
immersion and emeigzence in a total celipse; 23, cole: of the part of the moon 
obscured; 2, caution as te communicating a knowledge of these matters, 


1. Since, without a projection (chedyaka), the precise (sphuta) 
differences of the two eclipses are not understood, 1 shall proceed 
to explain tho exalted doctrine of the projection. 
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The term chedyaka is from the root chid, “ split, divide, sunder,” and. 
indicates, as here applied, the instrumentality by which distinetive dif- 
ferences are rendered evident. ‘The name of the chapter, parilekhadhi- 
kara, is not taken from this word, but from garilekhka, “ delineation, 

i. which occurs once below, in the cighth verse. ae 
Pe piaving fixed, upon a well prepared gurface, a point, de-~ 
at Hoh he ie tie rst place; with Sali of forty-nine digits 
pita), 0 citcle forthe deflection (valana): aan 
Then ‘a second eircle, with a radius equal to half the sum of 
tha éclipsdd aad eclipsing bodies; this is called the aggregate-. 
cinghe fonitea) 5 then a third, with a radius equal to half the 
ec cs 
4Tbe determination of the directions, north, south, east, and 
wet;‘i9 aa-formerly. Ina lunar eclipse, contact (grahana) takes 
plate on: fhe east, and separatiun (:oksha) on the west; in a so- 

fealipes, the contrary. : 


PW larger circle, drawn with a radius of about three fect, is used solely. 
thing off the deflection (ca/ana) of the ecliptic from an east ahd 
west tirelo. “We have seen above (iv. 24, 25) that the sine of this de- 
fivgtion was reduced to its value in a circle of forty-nine digits’ radius, 
by dividing by seventy its value in minutes. The second circle is em- 
pluyed (sce below, vv. 6, 7) in determining the points of contact and 
separation. © The third represents the eclipsed body itself, alwaya main- 
taining a fixed position in the centre of the figure, even though, in a 
linageclipse, it is the ee which itself moves, relatively to the eclipsing 

ag aa For the scale by which the measures of the eclipsed and 
























piu bodies, the latitudes, etc., arc determined, see above, iv. 26. 
Lie‘method of laying down the cardinal directions is the same with 
that-need in constructing a dial; il is described in the first passage of 
the’third chapter (iii, 1-4). a 

he specifedtions of the Tatter lalf of verse 4 apply to the eclipsed 
Lody, designating upon whieh stile of it obseurction will commence and 
turminite. 


6. Ina lunar ceipse, the deflection (eadana) for the contact is 
to be laid oil in ifs own proper direction, but thit for the separa- 
tion in reverse; nan ecupse of the sun, the contrary 1s the case. 


Tho accompanying five (bie, 27) will Tlustrate the Hindu method 
of exhibiting, by a projection, the various phiases of an celipse. Its 
conditions are thoac of the dunar eclipse of Feb. 6th, 1860, as deter- 
mined by the data eud methods of this treatise: for the calculation &ee 
the Appendix. Let M be the centre of the figure and the place of the 
moon, aul let NS and EW be the cireles of direction drawn through 
the moon's centre; the former representing (see above, under iv. 24, 25) 
a great circk: drawn through the north and south points of the horizon, 
the Jatter a small circle parallel to the prime vertical. In explanatiog 
of the manner in which these directions aie presunted by the : 


would remark that we have adapted it to a supposed posit 
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- observer on the north side of hie projection, as at N, and looking south- 
ward—a position which, in our latitude, he would naturally assume, for 


Fig. 27. 





the purpose of comparing the actual phases of the celipse, as they oc- 
curre ! with his delineation of them. ‘Phe heavier ere: dl, is that 
drawn with the sum of the semi-diameters, or the ™ qersreenate-cirely 2? 
while the omter one, NESW, is that fer the deflection. This, in order 
to reduce the size of the whole figure, we have drawn upon a seale very 
much smaller than that preseribed; its relative dimensions being a mat- 
ter of nu consequence whatever, provided the sine of the deflection be 
made commensurate with its radius. [In our own, or the Greek, method 
of laying off sn are, by its auvular value, the raa‘us of the cirele of de- 
flection would also be a matter of indifference: he Tlindus, ignoring 
angular measurements, adopt the more awkward and bungling method © 
of laying off the are by means of its sine. Tet vw cqual the deflection, 
calculated for the moment of contact, expressed as a sine, and in terms 
of acircle iv which EM is radius. Now, as the moon's cogtact with 
the shadow takes place upon her eastern limb, the deflection for the 
contact must be laid off from the east point of the circle; and, as the 
caleujatedsdirection of the deflection indicates in what way tho eeliptic 
is Peperegectwardly, it must be laid off from E in its own proper di- 
21 
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rection. In the case illustrated, the délection for the contact‘is north : 
hence we lay it off northward from E, and then the line drawn from M 
to v, ite extremity—which line represents the direction of the ecliptic 
at the moment—puints northward. Again, upon the side of separation 
, —which, for the moon, is the western side—we lay off the deflection for 
the moment of separation: but we lay it off from W in the reverse of 
its true directiun, in order that the line from its extremity to the centre 
may truly represent the direction of the ecliptic. Thus, in the eclipse 
figured, the deflection for separation is south; we lay it off northward 
from W, and then the line ef M points, toward M, southward. Tn a solar 
eclipse, in whieh, since the sun's westegn limb is the first eclipsed, the 
detleetion for contact must be laid off from W, and that for separation 
from J, the direction of the former requires to be reversed, and that of 
the latter to Le maintained as calenlated. 


6. From the extremity of either deflection draw a line to the 
centre: from the point where that cuts the ageregate-circle 
(vamdsa) are to be laid olf the latitudes of contact and of separa- 
tion, 

7. Fron the extremity of the Jatitude, again, draw a line to 
the central point: where that, in either case, touches the eclipsed 
body, there point out the contact aud separation. 

8. Always, in asolar eclipse. the latitudes are to be drawn in 
the figure (paridctha) in their proper direction; in a lunar 
vclipse, in the opposite direction. .. . 


The lines eM and ef M. drawn trom ¢ and the evtremities of the 
eines or sre. eel qneasure the deflection, to the ceutre of the figure, 
represent, as alres ly noticed, the direction of the celiptic with reference 
10 an east and weet line at the moments of contact aud separation. 
From them, accordingly, and at right: angles to them, are to be laid off 
the values of the moon's latitude at those ents, Owing, however, 
to the principle alopted im the neaieetion ee rerarding the eclipsed 
body as fixed in the eoutre of the fieure, and the eeltpsing body a3 pass- 
ing over it, the lincs »M aud ve Af Go not, tu the ease of a lunar eclipse, 
represent the eciiprie itself, in which is te contre of the shadow, but the 
small circle of latitude, in which is (ie meon’s centre: hevee, m laying 
off the moen’s latitude to detenoine the centre of the shadow, we re- 
verse Its direction. ‘Thos. ta tie ense ilinsiraied, the moon's latitude is 
always south: we Isso, then, dhe dines A/ aud A @) representin.: its 
value at the momenis of cuniset and scvaration, northward: they ere, 
like the defection, drawn as ses, and in site mianuer that their ex 
tremities, / and /, ave in the aegresate-cireie; then, sinee ¢M and &’M 
are each equal to the sum of the iwo semi-diameters, and ¢& and [' 
to the Jatitudes, & M and &’ M will represent the distances of the centres 
in lonmitude, and 2 and / the places of the centre of the shadow, at con- 
tact and‘geparation: and upon describing circles from @and 0, with radii 
equal to the semi-diameter of tle shadow, the points ¢ and s, where 
these touch the disk of the moon, will be the points of first and last con- 
tact: ¢ and 8 being also, as stated in the text, the puints where /M and 
i’ M meet the circumference of the disk of the eclipsed body. :., .*. 
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8,.... In. accordance with this, then, for the middle’ of the 


eclipse, i by See ee 


9.’ The deflection is to be laid off—eastward, when it: and the 
latitude are of the sume direction: when they are of different 
directions, it is to be laid off westward: this is for a:Yanar 
eclipse ; in a solar, the contrary is the case. - 

10. From the cnd of the deflection, again, draw a line to the 
central point, and upon this line of the middle lay off the lati- 
tude, in the direction of the deflection. 

11. Froin the extremity of the latitude describe a circle with 
a radius equal to half the ineasure of the eclipsing body: what- 
ever of the disk of the erlipsed body is enclosed within that 
circle, so much is swallowed up by the darkucas (dames), 


The phraszolory of the text tu (ile passive is seinew iat intricate and 
obscures It i fully expiaine| I, Une eonnsen | ear indasd its mean- 
ine is also dehietbl: with sua cent ctemrnes- tron the eonditions of the 
problam sournt qep tee suapte doo dt as reetiipesd to represent the deflection 
of the celiptie trom an ene aed weet tine at the meamnent’ of vrentest 
Obscuration wel with peetdenoen dae ecm a the eclipsing body 
at tat moment “Phe dhisesien ds vas tia. i) be determined by a 
seeundar fo the eee Jalsa frota tens die nee or south point of 
the figure, (‘The first question is. ene witel of Ubese two points shall 
the deflection bedside ul cradiche dine do dp oecntre iawn. Naw since, 
aeeordine ta sere day ie tite De dtaedf is pete cisanred upon the line 
of deflectien, tse deteer art dee diet seu tite northward accord- 
ine to the slireetion in whieh the buttade i uo be Tablas, And this is 
the IMeaning Gtoihe Pet poet at vest) ince oraaness” namely, with 
the direction in whieh, atomic fs saeviens parror the verse, the 
latitude Is toohe chav bee eas ie ic whieh ditection from the nortly 
ov south potut as this Geierinitied. Shall the den -tion be messured ? 
This must, of course, be deer nied Oy ine erection af the deiicetion 
self: if south, Hoaet woview dy bom asoered ood trom the north pont 
and west from the south potats oid nesta. the eoutrary. The rules of 
the text are in accordance with this, slough the determining eireum- 


Pd 


stance iounede to he the sceouent or het-agecemens, im respect to 


direction, of Une dedesdon with the neois Taituie—the Later being 
this dime reeken Doin ity ona prepor drediog., and notin a lunar 
eclipse, reversed. ‘Tris. in the ease for which tic fizure is drawn, as 
the mvoi's latitude is south, ani must oe dada ot northward from M, 
the deflection, 7 a 1s tiedsane) from the ner) peint; as deflection 
and Jatitude are bot’: swith, iv is Ineasured east fea No In an eclipse 
of the sun on the other hand, the moon's latitu’: would, if north, be 
nid off northward. as in the tigure, aud henee also, the defleetion would 
be measured ivom the north point: but it: would be measured, eastward, 
if its own direction were south, ar disavreed with that of the latitude. 
The line of deflection, which is Me‘ in the figure, being drawn, and 
having the direetion of a perpendicular to the ecliptic at the moment uf 
opposltige, the moon's latitude fur that moment, Ml, js laid off dircetly 
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upon it. The point /” is, accordingly, the position of the centre of the 
shadow at the middle of the eclipse, and if from that centre, with a. 
radins equal to the semi-diameter of the eclipsing body, a cirele be drawn, 
it will include so mueh of the disk of the eclipsed body as is covered 
when the obscuration is ereniest., In the ficure the eclipse is shown as 
total, the Hindu calculations waking it so, althongh, in faet, it is only a 
partial eclipse. 


12. By the wise man who draws the projection (chedyaka), 
upon the ground or upon a board, w reversal of directions is to 
be made im the eastern and western benmispheres. 


This verse is inserted here in order te remove the objection that, in 
the eastern hemisphere, indeed, all takes piace as stated, but, if the 
eclipse oreurs west of the meridian, the stated direeviens require to be 
all of them reversed. Ja order to understand this objection, we must 
take notice of the origin andl literal qeeanine of the Sanskrit: words 
which desienate the cardinal directions, The face of the observer ts 
supposed always to he eastward: thea east" is praiee, “forward, toward 
the front; west" is paced.“ bueaward. toward the rear: senth" is 
daksama,* on the right” 5 “north” is udder, © upward” (ie. probeliy, 
toward the mountains, or wy the coarse of the rivers in nerthewestem 
India). ‘These words apply. then. in etymedovieal siricipes;, oniv when 
one 1s looking castward—aiel so, in the presewt case, only when the 


eclipse is taking wiace in the eastern hemisphere, and the projector is 


~ watehing it from the west side of his projestien, with the latter before 


-hun: it; on the ether hand, ie removes to Ey turning his face westward, 
‘and comparing the phenoiaenn as they over ta the weat orn bemisphere 


bal 


with his delineation of them, then “forward” (grtac) is ue leveer east, 
but west: “right” (dakshing) ix noe loner south, but north, ete. 

It is unnecessary fo point out Ural this objection is oue of the most 
frivolous and han-splitting charieter, and its ramoval by the text a waste 
of trouble: the terms in question have filly acamved in the language au 
absolute meaning, as indicating d:reetions in space, without recard to the 
position of the observer. 


13. Owing to her clearness, even the twelfth part of the moon, 
when eclipsed (grasta), 1s observable; but, owing to his piercing 
Brilliancy, even three minuics of the sun, when eclipsed, are not 


observable. 


The commentator regaris the negative which is expressed in the lat- 
ter half of this verse as also implied in the former, the meaning being 
that an obseuration of the incon's disk extendine over only the twelfth 
part of it does not make itself apparent. We have preferred the inter- 
pretation given above, as being better aveordant. both with the plain and 
simple constructiun of the text and with fact. 


14, At the extremities of the latitudes make three points, of 
corresponding names; then, between that of the contact and 
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that of the middle, and likewise between that of the separation 


and that of the middle, ; a | 
16. Describe two fish-figures (matsya): from the middle of 


these having drawn ont two lines projecting through the mouth ° 


and tail, wherever their intersection takes place, : 

16. There, with a line touching the three points, describe an 
are: that is culled the path of the eclipsing body, upon which 
the latter will move forward. 


The deflection and the latitude of three poiuts in the continuance of 
the eclipse having been determined and laid down upon the projection, 
it is degined unnecessary to take the same trouble with regard to any 
other points, these three being sullicient to determine the path of the 
eclipsing body : accordingly, au are of a cirel: is drawn through them, 
and is regarded as representing that path. ‘The method of deseribing 
the are is the xxme wih that which has alrealy been more than once 
employed (see above. iil, 1--', 4) -f202 3b is explained lero with some- 
what more tlness fhiaabeforns. oo Thussin the fieure, 4 /+, and / are the 
three extremities of the imocows baitade at the momenta of contact, 
Opporition, aud senaraden, respectively: we jou Oe. bt, and upon 
these Jines desevibe fist-livures (sce neve re ii i-3)2 their two extremi- 
ties (“mouth ard tai") are dudieated by the intersecting dotted lines 


nthe figures then, et tie veint, not inentle-t in the fignve, where they: 
lines drawn through then meet gue auethcr, is the centre of a cirele™ 


passing throurh 2.0% ned 
. Wea ot 
a a 


17. From lalf the sum «2 the eclipsed and eclipsing bodies 


subiract the amon ef obserracion, us ealentated for any given, , 
time: take a litve suek equal to the remainder, in digits, and, 2” 


jrom the eeniral pois, 

18. Lay it of toward the path upon either side—when the 
time is before that of vreatest obscuration, toward the side of 
contact: when the obscuration is decreasing, in the direction of 
separation—and where the stick and the path of the eclipsing 
body 

19. Meet one another, from that point deseribe a circle with a 


radius equal to half the eclipse body: whatever of the eglipsed, 
body is included within it, that point out as swallowed: q@yiby' * 


the darkness (fais). “eps 

20. 'Take a little stick equal to hal? tie difference of the 
measures (mdne), and lay it off in the direction of ‘ontact, calffn 
it the stick of dmmeision (amilued: whe o it touches the pathy. 

21. Krom that point, with a radius equi! to half the eclipsing 
body, draw a circle, as in the former case: where this meets the 
circle of the cclipsed body, there immersion takes place. 

22. So also for the emergence (unmilana), lay it off in the 
direction of separation, and describe a circle, as before : it will 
show the point of einergence in the manner explained. 


a 


e 
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' - The method of these processes ix so clear as to call for no detailed 
explanation. The centre of the celipsing body being supposed to be 
always in the are 7//@, drawn as direeted in the last passage, we havo 
only to fix a point in this are whieh shall be at a distauee from M cor- 
' responding to the caleulated distanee of the centres at the given tine, 
and from that point to deseribe + cirele of the dimerisions of the eclipsed 
body, aud the result will be a representation of the then phase of the 
-eclipse, Tf the point thus fixed be distant from M by the ditference of 
the two semi-diamelers. as Mie. Mc, the eireles deseribed will touch the 
disk of the celipsed body at the points of innnersion and emereence, 
@and e, 


28. The part obseured, when Jess than half’ will he dusky 
(sadhiimray; when more than half will be black > when emerg- 
Ing, it 1s dark eopper-color rehtmatinaey > when the obscuration 
is total, it is tawny (Auepiclee). 


The comucutary adds the taporent circumstance, onadlted in the 
text, that the goon alone is here spoken of} ne specification heiner 
added with reference to the sun, Leesuse. ina solar celipse, the part 
obseured is always black, 

A more suitable piace odett have been tomud for this verse du the 
fourth chapter. as it has netiine to do withthe proieeiion of an eelipse. 


24, This mysiery of the gods is not to be imparted indiserim- 
inately: itis to be made known to the well-tricd pupil, who 
remains a year wnder instruction. 


The commenvary dinlerstinds by dis mystery, whieh is to be kept 
with so jealous eure, the knowdedse ot the subject of uhis claaier, the 
delinestion of aa eclipse. ail net the general sbjert of eclipses, ae 
treated In the past three chapters. bo seemme a litte eurous: te find a 
matter of so subordinate: consequence heralded) so peanpously in the 
first Verse of the chapter, ati Ha tel se crud bousts al I! close, 


CHAPTER VOI. 
OF PLANETARY CONTUNCTIONS. 


Coxrexts :—~1, general classifievtion of pianetary conjunctions; 2-06, method of de- 
termining at what point on the ecliptic, and at what time, two planets will come 
to have the same longitude; 7-19, how to find the point on the ecliptic to which 
a planet, having latitude, will be refeired by a circle passing through the north 
and south points of the horizon; 11, when a planet must be 50 referred; 12, how 
to ascertain the interval between two planets when in conjunction upon such a 
north and south line; 13-14, dimensions of the lesser planets; 15-18, modes of 
exhibiting the coincidence between the calculated and actual places of the plancts; 
18-20, definition of different kinds of conjunction; 20-21, when a planet, in con- 
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junction, is vanquished or victor; 22, farther definition of different kinds of con- 
junction; 23, usual prevalence of Venus in a conjunction; 23, planetary conjunc- 
tions with the moon; 24, conjunctions apparent only; why calculated. 


1. Of the star-plancts there take place, with one another, 
encounter (ytwddha) and conjunction (samdgama) ; with the moon, 
eompunction (samdyama); with the sun, beliacal setting (ustamana). 


The “star-planets” (té¢rdgraha) are, of course, the five lesser planets, 
exclusive of the sun and moun. Their conjunctions with one another 
and with the moon, with the asterism (nadshkatra), and with the sun, 
are the subjects of this and the two following chapters. 

For the general idea of “ conjunetion™ various terms are indifferently 
employed in this chapter, as samdgama, & coming together’, samyoga, 
“eonjuuction, yoga, * junetion™ (in vill, 14, also, jweluku, “* meeting”) : 
the word yats, “union” whieh is constantly used in the same sense by 
the commentary, and whieh enters tite the tithe: of the elapter, graha- 
anutyadhikera, does not occur anywhere in the iext. The word whieh 
we translate “eneounter yweddda, uieans Titeruliv ° war, eonflict." 
Verses 18-20, and verse 22, below, vive di-tinetive definitiens of some 
of the ditferunt kinds of eneounter and eenjunetion, 


% When the longitude of the swilt-inoving planet is greater 
than thit of the slow one, the eonjunction (su vayeya) is past; oth- 
erwise, it is to come: this is the ease when the two are movin 
eastward: ifhowever, they are retrogradiny (vatrin), the con- 
trary is tru 

3. When the longitude of the one movinz eastward is greater, 
the conjunction (sumdqame) is past; but when that of the onc 
that is retrogradiny is greater, it is to come, Multiply tho dis- 
tance in longitude of the planets, in minutes, by the minutes of 
daily motion of each, 

4. And divide the products by the difference of daily motions, 
if both are moving with direct, or both with retrograde, motion: 

if one is retrograding, divice by the sum of daily motions. 

5. The quotient, in minutes, ete., is to be subtracted when the 
conjunction is past, and added when itis to come: if the two are 
retrograding, the contrary: 1f one is retrograding, the quotients 
are addilive and subtractive resnectively. 

6. Thus the two planets, situated in the zodiac, are made to be 
of equal longitude, to minutes. Divide in like manner the dis- 
tance in longitude, and a quoticnt is obtained whic. is the time, 
in days, etc. 


The object of this process is to determine where and when the two 
planets of which it is desired to calculate the conjunction will have the 
same longitude. The directions given in the text are inthe main so 
clear as hardly to require explication. The longitude and the rate of 
motion of the two planets in question is supposed to have been found for 
some time not far removed from that of their conjunction. Then, in 


a 
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determining whether the conjunction is past or to come, sud at what dis- 
tance, in are and in time, three separate cases require to be taken into 
gecount—when both are advancing, when both are retrograding, and 
when one is advancing aud the other retrograding. In the two former 
cases, the planets are approaching or reeeding from one another by the 
difference of their daily mutions; in the latter, by the sun of their daily 
wnotions. The puint of conjunction will be found by the following pro- 
portion : as the daily rate at which the two are approaching or meacling 
from cach other ts to their distance in longitude, so is the daily motion 
of each one to the distance whieh it will have to move before, or whieh 
it has moved since, the econjunetion in doweitude, The dime, again, | 
elapsed or to elapse between the eiven moment and that of the conjune- 
tion, will be found bv dividing the distance in loweitude by the same divi- 
sor as was used in the other put ef the provess, munely the daily rate 
of a proach or separation of the two planets. 

The only other matter which seems to call tor more special explana- 
. tion than is to be found in the text ix at what moment the process of 
calculation, as thus eonducted, shall commenee, Hoa time be fixed 
upon which is too far remeved—as, for tistanee, by an interval of sey - 
eral days—trom the moment of actual conjunction, (he rate of motion 
of the two planets will be Hable to ehimee in the menn time se muelt aes 
altogether to vitiate the correctness of the caendation. tis) probable 
that, as in the calculation of an eclipse (seo above, note to iv, 7-8), we are 
supposed, before entering upou the partieular process whieh is the suh- 
ject of this passave, to have ascertained, by previous tggigative ealeulia- 
tiona, the midnight vest preeeding or following the ron, aid te 
have determined tor that tine the loneiftudes and rates of motion of the 
two planets. if s0, the overation will give, without firther repetition, 
results having the desired deeree of aeeuraey. The eonimmentary, it may 
be remarked, giver wone light upon this poini, as i vave us tone in the 
case of the celipse. 

We have not, however, thus ascertained the fine aad place of the 
conjunction. This, to the Hindu apprehension, tekes: place, not when 
the two planets are upon the samo secondary te the eeliptie, but: when 
they are upon the same sceondar to the prime vertical, or upon the 
same circle passing through the north and south points of the horizon. 
Upon such a circle two stars rise and set simnitanceusly ; upon such a 
one they together pass the ineridira: such a line. then, determines 
approximately their relative height above the horizon, each upon its own 
circle of daily revolution. We nave also secn above, when considering 
the deflection (valanu—see iv, 24-25), that « secondary to the prime ver- 
tical is regarded as determining the north and sonth directions upon the 
starry concave. To ascerigin what will be the place of each planet upon 
the ecliptic when referred to it by such a circle is the ohject of the fol- 
lowing processes. 


7. Having calculated the measure of the day and night, and 
likewise the latitude (viishepa), in minutes ; having determined 
the meridian-distance (nafa) and altitude (unnata), in time, accord- 
ing-to the corresponding orient ecliptic-point (lagna) — 


1 a “4,7! 
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_ 8 Multiply the latitude by the equinoctial shadow, and divide. 
by twelve; the — multiply by the meridian-distance in - 
nidis, and divide by the corresponding half-dey : * 

9. The result, when latitude is north, is subtractive in the 
eastern heinisphere, and additive in the western; when latitude 

- is south, on the other hand, it is additive in the eastern hemi- 
sphere, and likewise subtractive in the western. 

10. Multiply the minutes of latitude by the degrees of declin- 
ation of the position of the planet increased by three signs: the 
result, in seconds (vékulé), is additive or subtractive, according as 
declination and latitude are of unlike or like direction. 

11. In calculating the conjunction (yoga) of a planet and an 
‘asterism (nakshatru), in determining the setting and rising of a 
planet, and in finding the elevation of the moon's cusps, this ope- 
ration for apparent longitude (¢rkcarmaz) is first prescribed, 

12. Calculate again the longitudes of the two planets for the 
determined time, and from these their Jatitudes: when the latter 
are of the same direction, take their diilurence ; otherwise, their 
sum: the result js the interval of the planets. 


The whole operation for determining the psint on the ecliptic to 
which a planet, having a given latitude, will be referred by a secondary 
to the priine vertical, is called its drkkarman, Both parts of this com- 
pound we have had before—the latter. signifying * operation, process of 
ealculation,” in ii. 47, 42, efte—tfor the former, see the notes to ill, 28- 
34, and v. 5-G: here we are to understand it as signilving the © appar- 
ent longitude” of a planet, when referred to the ecliptic in the manner 
stated, as distinguished from its true or actual lonitude, reckoned in the 
usual wav: we accordingly translate the whole tyrm, as in verse 11, 
“operation for apparent longitude.” ‘The operation, like the somewhat 
analogous one by which the celiptic-detlection (cadana) is determined 
(xee above, iv. 24-25), consists of two separate processcs, which receive 
in the commentary distinct names, corresponding with those applied to 
the two parts of the process for calculating the detlection. The whole 
subject may be illustrated hy reference to the next figure (Fig. 28). This 
represents the projection of a part of the sphere upon a horizontal plane, 
N and E being the north and cast points of the horizon, and Z the 
zenith, Let C L be the position of the ecliptic at the moment of con- 
junction in longitude, C being the orient ecliptic-point (dayna); and let 
M be the point at which the conjunction in longitude of the two planeta 
S and V, each upon its parallel of celestial latitude, cZ and ¢'é’, and hay- 
ing latitude equal to SM and VM respectively, wil take place. Through 
V and S draw secondaries to the prime vertical, N V and NS, meeting 
the ecliptic in v ands: these latter are the points of apparent longitude 
of the two plancts, which are still removed from a true conjunction by 
the distance v s : in order to the ascertainment of the time of that true 
conjunctien, it is desired to know the positions of v and s, or their re- 
spective distauces from M. From P, the pole of the equator, draw also 
circles through the two planets, meeting the ecliptic ins’ and v’: then, 
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“y : 
. inorder to find Ms, we ascertain the values of sa’ wad Ms’; and, in 
_ Mké manner, to find M 2, we ascertain the values of vv’ and Me’, Now 
sat at the equator, or in a right 
aphere, the circles N § and 
S would coincide, and 
the distance s # disappent : 
hence, the amount of ss’ 
being dependent upon the 
latitude (aksha) of the ob- 
server, N 1’, the process b 
which it is calculated is 
called the “operation for 
latitude” («hshadykkarman, 
or cl ¢ d&sha drkkarman). 
Again, if P and PY were the 
same point, or if the eclip- 
tie and equator coincided, 
PS and P’S would coin- 
cide, and M s’ would disap- 
pear: hence the process of 
@ calculation of M 9s’ is called 
the “operation for ecliptic- 
deviation” (ayunadrixkar- 
man, or dyana drkkarman). 
The latter of the two pro- 
cesses, although stated after 
the other in the text, is the 
one first explained by the 
commentary : we will also, 
ax in the case of the deflec- 
tion (note to iv, 24-25), 
give to it our first attention. 
The point s’, to which the planct is referred by a ciccle passing through 
the pole I, is styled by the commentary ayanaqraha, “the planet's lon- 
ritude as corrected for eclipt'¢-deviation,” and the distance Ms’, which 
It ia desired to ascertain, is called ayanasa/ds, “the correction, in min- 
utes, for ecliptic-deviation.” Instead, however, of finding Ms’, the pro- 
cess taught in the text finds M ¢ the corresponging distance on the cir- 
ele of daily revolution, D R, of the point M—which is then assumed 
equal to Ms’. The proportion upon which the rule, ax stated in verse 
10, is ultimately founded, is 
; R:sn MS¢::MS:Mé 
the triangle MS #, which is always very small, being treated as if it 
were a plane triangle, right-angled ut ¢ Dut now also, as the latitude 
_MS is always a small quantity, the angle PS P’ may be treated as if 
equal to PMP’ (not drawn in the figure); and this angle ie, as was 
hown in connection with iv. 24-25, the deflection of the ccliptie from 
the equator (dyana valana) at M, which is regarded as equal to the 
ef{jnation-of the point 90° in advance of M: this point, for convex- . 
fence’ sake, we will call M’. Onur proportion becomes, then : os 


Fig. 28. 
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R:ain decl. M’::MS:M¢ 
all the quantities which it contains being in terms of minutes. To bring 
this proportion, now, to the form in which it appears in the text, it is* 
made to undergo a most fantastic and unscientific series .of -alteratiaps: . 
The greatest declination (ii. a being 24°, and ite ‘sine 1807’, wht 
nearly fifty-eight times twenty-four—since 58 many given a mb 
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that fifty-eight times the number of degrees in any given aré 
tion will be equal to the number of minutes in the sine ° tc. 
Again, the value of radius, 9438’, admits of being roughly divided into 
the two factors fifty-eight and sixty—since 58 60=-3480. Substltut. 
ing, then, these values in the proportion as stated, we have nave 


5860 : 58 Xdecl. M’ in degr.:: latitude in min.: Mé ‘ 


Cancelling, again, the common factor in the first two terms; and trané- 
ferring the factor 60 to the fourth term, we obtain finally 


1: decl. M’ in degr.:: latitude in min. : M tX60 


that is to say, if the latitude of the planet, in minutes, be multiplied by 
the declination, in degrees, of a point 90° in advauce of the planet, the 
result will be a quantity which, after being divided by sixty, or reduced 
from seconds to minutes, is to be accepted as the required ‘interral on 
the ecliptic betwecn the real place of the planet and the point to which 
it is referred by a secondary to the equator. | . rag tge 
This explanation of the rule is the one given by the comieten, 
nor are we able to sce that it admits of any other. The réduntion.. of 
the original proportion to its final form is a process to which we. kave 
heretofore found no parallel, and which appears, equally abstird atid 
uncalled for. That M é is taken as equivalent to M a’ has, as will appear 
from a consideration of the next process, a certain propriety. Gs 
The value of the are Ms’ being thus found, the question arises, in 
which direction it shall be measured from M. This depends upon the 
osition of M with reference to the solstitial colure. At the colure, thé 
ines PS and I*5 coincide, so that, whatever be the latitude of a planet, 
it will, by a secondary to the equator, be referred to the ecliptic at its 
t oint of longitude. From tho winter solatice onward to the summer 
solstice, or when the pomt M is upon the sun's vorthward path (utiéard- 
yana), a planet having north latitude will be referred backward on thé 
ecliptic by a circle from the pole, and a planct having south latitude will 
be referred forward. If "M, on the other hand, be upon tho sun's sduth- 
ward path (dakshindyana), a planct having north latitude at that point 
will be referred forward, and one having south latitude backward: this 
is the casc illustrated by the figure, The statement of the text virtually 
agrees with this, it being evident that, when M ts on the northward 
path, the declination of the point 90° in advance cf it will be north; and 
the contrary. . 
We come now to consider the other part of the operation, or the 
dksha drkkarman, which forms tho subject of verses 7-9, “As the first 
step, we are directed to asvertain the day and tho night respectively of 
the point of the ecliptic at which the two planets are in conjunction ip 
lorigitude, for the purpose of determining also its distance in time from 
the horizon and from the meridian. This is accomplished gi ‘follows. 
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Having the longitude of the point in question (M in the last figure), 
we calculate (by ii. 28) its declination, which gives us (by ii. 60) the 
radius of its diurnal circle, and (by ii. G1) its ascensional ditference 5 
, whence, again, is derived (by ii. 62-83) the length of its day and night. 
in, having the time of conjunction at M, we easily calculate the 
yon’s longitude at the moment, aud this and the time together give us 
_ (by iii. 46-48) the longitude of C, the orient ecliptic-point: then (by 
* iti, 50) we ascertain direetly the difference between the time when M rose 
and that when C rises, which is the altitude in time (uunata) of M: the 
difference between this and the halfday is the meridian-distance in time 
(nata) of the same point. If the conjunction takes place when M is 
below the horizon, or during its night, its distance frum the horizon and 
from the interior meridian is determined in like manner. 

The direct object of this part of the general process being to find the 
value of ss’, we note first that that distance is evidently createst at the 
horizon ; farther, that it disappears at the meridian, where the lines PS 
and NS comeide. Lf, then, it is arcued, its value at the horizon can be 
necertained, we may assume it to vary as the distance from the meridian. 
The accompanying figure (Fig. 29) will illustrate the method by whieh 
itis attempted to calculate s 4! at the horizon, Suppose the planet 48, 

Fie, 29, being removed in latitude to the distance 
MS from M. the point) of the. ecliptic 
Which determines its lomzinde, to be upen 
the horizon, and lets’) as) before, be the 
paint te whieh it is referred by a_ eirele 
from the north pole: itis desired to deter- 
mine the value of sa. Let D Rohe the 
eirele of diurnal revolution of the point 
M,imecting Ss'in ¢, and the horizon in w: 
8 ¢w may be reaarled as a plane right-angled triangle, having its angles 
at 8 and w respectively equal to the observer's latitude and eo-latitude, 
In that trianyle, to find the value of fe, we should make the proportion 
coséS wis 2S wiitSi bw 
Now the first of thesc ratios, that of the cosine to the sine of latitde, 
is (see above, iii, 17) the same with that of the gnomon to the equinoe- 
tial shadow: acain. as the difference of Mio and Ms was in the pre- 
eeding process newleeted, so here the difference of SM and Sé; and 
finally, 2, the true result of the process, is aceepted as the equivalent 
of ss, the distance songht. The proportion then becomes 
gnom. : eq. shad. :* intitude : required dist. at horizon 
The value of the required distance at the horizon having been thus 
ascertained, its value ai any given altitude is, as pointed out above, deter- 
mined by a proportion, as followa : as the planet's distance in time from 
the meridian when npon the horizon is to the value of this correction at 
‘the horizon, so is any piven distance from the meridian (naéa) to tho 
value at that distunce; or 


half-day : mer.-dist. in time: : result of last proportion : required distance 


Tue direction in which the distance thus found is to be reckoned, start- 
ing in each case from the dyana graha, or place of the planet on the 
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ecliptic as determined by a secondary to the equator, which was ascer- 
‘tained by the preceding process, is evidently as the text states it in verse 
9. In the eastern hemisphere, which is the case illnstrated by the figure, 
s’s is additive to the longitude of s, while vv is subtractive from the 
longitude of v/: in the western hemisphere, the contrary would be the 
ease, ‘The final result thus arrived at is the longitude of the two points 
s and v, towhich S and V are referred by the circles NS and NY, 
drawn through them from the north and south points of the horizon. 

The many inaccuracies involved in these calculations are too palpable 
to require puinting out in detail. The whole operation is a roughl 
approximative one, of which the errors are kept within limits, and the 
result rendered sufficiently correct, only by the general minuteness of 
the quantity entering into it as its main clemeut—namely, the latitude 
of a planei—and by the absence of any severe practical test of its aceu- 
racy. It may be remarked that the commentary is well aware of, and 
points out, most of the errors of the processes, exensing them by its 
stereotyped plea of their insignificance, and the merciful disposition of 
the divine author of the treatise. 

ILavine thus obtained sande. the apparcat lougitules of the two 
planets at the thae when their true longitude is M. the question arises, 
how we shall determine the time of apparent conjunction. Upon this 
point the teat gives us ne Tight atall: according to the commentary, we 
are to repeat the process preseribed in verses 2-6 above, determining, 
from aconsideration of the rate aml direction of motion of the planets 
in connection with thetr ues places, whether the roujunction sought for 
is past orto come, and then ascertaining, by dividing the distance vs 
by their daily rate of approach or reression, the time vf the conjunction. 
It is evident, however, that one of the elements of the process of corree- 
tion for latitude (akshedrkkarmeny namely the mertdian-distanee, 1s 
changing so rapidly, as compared with the slow motion of the planets in 
their orbits, that sneha process could net vield results at all approaching 
to accuracy: it alse appears that two slow-inoving planets might have 
more than one. and even several apparent conjunctions on successive 
‘lays, at different times in the day, being found to stand together upon 
the same secondary to the prime vertical at ditlerent altitudes, We, 
do not see how this diffiendty tt iet by anything in the text or in, 
the commentary. The test, assuming the moment of apparent conjune-™ 
tion to have been, by whatever method, already determined, gues on to 
direct us, in verse 1z, to calculate anew, for that moment, the lautudes 
of the two planets, in order to obtain their d‘atanee from) one another. 
Here, again, is a sliuht inaveuraey : the interve! befween the two, meas- 
ured upon a secondary io fhe prime vertical, 1s not presisely equal to 
the sum or difference of their latitudes, which are neasured upon second- 
aries to the celiptic. The ascertainment of this interval is uecessary, in 
order to determine the name and character of the conjunction, as will 
appear farther on (vv. 18-20, 22). . 

The cases mentioned in verse 11, in which, as well as in *ealculating- 
the cynjunctions of two planets with one another, this operation for 
apparent longitude (drkkarman) necds to be performed, are the subjects 
of the three following chapters. 
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13. The diameters upon the moon's orbit of Mars, Saturn, 

Mercury, and Jupiter, are declared to be thirty, increased suc- 
cemaively by half the half; that of Venus is sixty. 
“: 4d. These, divided by the sum of radius and the fourth hypotl- 
@iuse, multiplied by two, and again multiplicd by radius, arc the 
respective corrected (sphutz) diameters: divided by fifteen, they 
are the measures (ndaa) in minutes. 


We have seen above, in connection with the calculation of eclipses 
(iv. 2-5), that the diameters of the sin, moon, and shadow had to be 
reduced, for measurement in minutes, to the moon’s mean distance, at 
which fifteen yojanas make a ininute of are. Mere we find the dimen- 
sions of the five lesser planets, when at their mean distances from the 
earth, stated only in the form of the portion of the moon’s mean orbit - 
covered by them, their absolute size being left undetermined. We add 
them below, in a tabular form, both in yojanas nnd as reduced to min- 
utes, appending also the corresponding estimates of Tycho Brahe (which 

_we take from Delambre), and the true apparent diameters of the plan- 
“ets, as scen from the earth at their greatest and least distances. 


nsApparent Diameters of the Planets, according to the Strya-Siddhante, 











eo » to Tycho Brahe. and to Modern Science, 
Planet | SdryaSiddhéuta: + Tycho | Moderns: 
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This tuble shows how ereatly exaguerated are wont io be any deter- 
sminations of the magnitude of the planetary orbs made by the unas- 
sisted eye alone. Jhis effect is due to the well-known phenomenon of 
the irradiation, which increases the apparent size of a brilliant body 
when scen at seme distance. [twill be noticed that the Uindu esti- 
ates do not greatly execed those of Tycho, the most noted and aceu- 
rate of astronomical observers prior to the invention of the telescope. 
In respect to order of magnitude they entirely agree, and both accord 
with the relative apparent size of the planets, except that to Mereury 
and Venus, whose proporticual brillianey, from their nearness to the 
aun, is greater, is assigned too high a rauk. Tycho also established a 
scale of apparent diameters for the fixed stars, varving from 2’, for the 
first magnitude, down to 20”, for the sixth. We do not find that 
Ptolemy inade any similar estimates, either for planets or for fixed stars. 
The Uindus, however, push their cmpiricism one step farther, gravely 
laying down a rule by which, from these mean values, the true values 
of the apparent diameters at any given time may be found. The funda- 
mecital proportion is, of course, 


true dist. : mean dist. :: mean app. diam. : true app. diam. 
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The vecoud term of this proportion is represented by radius: for the 
first we have, according to the translation given, one half the sum of 
radius and the fourth hypothenuse, by which is meant the “ variable 
hypothenuse” a karna) found in the course of the fourth, ‘or last, 
proress for finding the true place of the planet (see above, ii. 43-48) * 
The term, however (tricatuhkarna), which 1s translated “radius and ie. 
fourth hypothenuse” is inuch more naturally rendered “third and fourth 
hiypothenuses”; and the latter interpretation is also mentioned by the ~ 
commentator as one handed down by tradition (sdmpreddéyika): but, 
he adds, owing to the fact that the length of the hypothenuse is not 
ealculated in the third process, that for finding finally the equation of 
the centre (mandukerman), and that that hyputhenuse caunot therefore 
be referred to here as known, modern interpreters understand the first 
member of the compound (éré) as an abbreviation for “ radius” (tryyd), 
and translate it aceordively, We must confess that the other interpre- 
tution seeins to us te be powerfully supported by both the letter of the 
text and the reason of the matter, “The substitution of 60 for gyd in 
such a connection is quite too violent to be borne, nor do we see why 
half the sum of radius il the fourth hypothenuse should be taken as + 
representing the planet's true distance, rather than the fourth hypothe- 
nuse alone, which was employed (sce above, ii, 56-58) in calculating the .. 
latitude of the planets. On the other hand, there is reason for adopt--: 
ing, as the relative value of a planct’s true distanee, the average, or half 
the sum, of the third hypethemnse, or the planet’s distance as affected 
hy the eecentricity of its orbit, and the fourth, or its distance as affected 
by the motion of the carth in her orbit. There seems to us good 
reagon, therefure, to suspect iat verse 11—aucl with it, probably, also 
verse 138—is an intrusion into the Sarva-Siddhanta from some other sys- 
tem, which did not make the grossly erroncous assumption, poimted out 
under ii. 39, of the equality of the sine of anomaly in the epicycle 
(bhujajydphala) with the sine of the equation, but in which the hypoth- 
enuse and the sine of the equation were duly calculated im the process 
for finding the equation of the apsis (mandakarmun), as well as in that, 
for finding the equation of the conjunction (¢iakrakarman). 


15. Exhibit, upon the shadow-ground, the planct at the ex- 
tremity of its shadow reversed: it is viewed at the apex of the. 
ghomon in its mirror. 


Asa practical test of the accuracy of his calenlations, or as a ¢on- 
vincing proof to the pupil or other person of lis knowledge and skill, 
the teacher is here directed to set up a gnome: upon ground properly 

repared for exhibiting the shadow, and to valculrte and uy off from-the 
case of the gnomon, but in the opposite to the ti :e direction, the shad- 
ow which a planet would cast at a given time ; upon placing, then, a 
horizontal mirror at the extremity of the shadow, the reflected image of 
the planct’s disk will Le seen in it at the given time by an eye placed at 
the apex of the gnomon. ‘The principle of the experiment is clearly 
correct, and the rules and processes taught in the second and third chap- 
tera afford the means of carrying it out, since from them the shadow 
which any star would cast, had it light enough, may be as readily deter- 
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_ mined as that which the sun actually casts, As no case of precisely this 
" character has hitherto been presented, we will briefly indicate the course 
_ ofthe calenlation. The day and night of the planet, and its distance 
if m the meridian, or its hour-angle, are found iu the same manner as in 
* the process previously explained (p. 168, above), excepting that here the 
&planet's latitude, and its declination as affected by latitude, must be eal- * 
culated, by 11. 56-58: and then the hour-angle and the aseensional differ- 
ence, by iil. 34-36, give the Jenvth of the shadow at the given time, 
together with that of its hypothenuse. The question would next be in - 
what direction to lay off the shadow from the base of the gnomon. 
This is accomplished by means of the base (bhuja) of the shadow, or its 
value when projected on a north and south line. From the declination 
is found, by iii. 20-22, the lenvth of the noon-shadow and its hypothe- 
nuse, and trom the latter, with the declination, comes, by iii, 22-23, the 
“measure of amplitude (eard) of the given shadow; whence, by ii, 23- 
25, is derived its base. Waving thus both its leneth and the distanee 
of its extremity from an cast and west line running-through the base of 
the gnomon, we lay it off without difficulty. 


4 


t. 


16. Take two gnomons, five enbits (Aasfa) in height, stationed 
seaccording to the variation of direction, separated by the inter- 
“fal of the two planets, aud buricd at the base one eubit. 

~ 17. Then fix the two hiypothenuses of the shadow, passing 
from the extremity of the shadow through the apex of each 
gnomon: ancl. to a person situated at the pint of union of the 
"extremities of the shadow and hypothenuse, exhibit 
* +18, The two planets in the sky, situated at tue apex cach*of 
gl 8 own znomon, and arrived at a coincidence of observed place 


a7" 7 7 4 


’ This is a proceeding of much the same character with that which 
forms the subject of the preecding passage. In order to make appre- 
Snsible, Ly observation, the conjunction of two plancts, as calculated by 
the methods of this chapter, two guomons, of about the height of a 
man, are set np. At what distance and direciion from one another thay 
are to be fixed is not clearly shown. ‘The co1amentator interprets the 
. expression “interval of the two planets” (v.16), to mean their distance in 
minutes on the sceondary to the prime vertical, as ascertained according 
to verse 12, above, reduced to digits by the method taught in iv. 26, 
while, by “ according to the variation of direction,” he would unders 
‘merely, in the direction from the observer of the hemisphere in which thee 
lateets-at the moment of conjunction are situated. The latter phrase, 
owever, as thus explained, seems utterly nugatory; nor do we see of 
what use it would be to make the north and south interval of the bases of 
_ ,the gnomons, in digits, correspond with that of the planets in minutes. 
- “We do not think it would be difficult to understand the directions given 
- in the text‘as meaning, in effect, that the two gnomons should be so sta - 
tioned as to cast their shadows to the same point; ‘it Would be easy to 
do ths, since, at the time in question, the extremities of two shadows 
east from one gnomon by the two stars would be in the same ngrth and 
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south line, and if would only be necéssary to set the second gnomon as 
far south ofthe first as the end of the shadow cast by the southern star 
was north ‘of that cast by the other. Then, if a hole were sunk in the 
ground at the point of intersection of the two shadows, and a person . 
®enabled to place his cye there, he would, at the proper moment, see both. 
. the planets with the same glance, and each at the apex of its own gnomon,- 

In the eighteenth verse also we have ventured to disregard the author- 
ity of the commentator: he translates the words drktulyatam itdes 
“come within the sphere of sight,” while we understand by drktulyaéd, 
as in other eases (ii. 14, iii, 11), the coincidence between observed and 
cemputed position. 

Such passages as this and the preceding are not without interest and 
value, as exhibiting the rudeness of the Tlindu methods of observation, 
and also as showing the unimportant and merely illustrative part which 

_ observation was meant to play in their developed system of astronomy. | 

18... . When there is contact of the stars, it is styled “ de- 
piction” (adllekha) ; when there is separation, division” (bheda) ; 

19. An encounter (yieddha) ts called “ray-obliteration” (angu- 
vimarda) when there is muta mingling of ravs: when the inter- 
val is less than a degree, the encounter is named “dexter” (apa: 
savya)—if, in this ease, one be faint (ae, a 

20. If the interval be more than a dey: +, it is “conjunction” 
(samdgamu), if both are endued with powe (du/u). One that is 
vanquished (jiluj ina dexter encounter (— wsarya yuddha), one 
that is covered. faint (az), destitute of bi hanev, 

21. One thatis rowrh, colorless, struck down (edAvasta), situ- 
ated tu the south, is unerly vanquished (vr). One situated fo- 
the north, having brillianey, large, is victur (jayin)—and even 
the south, if powerful (Jal). 

22. Kven when closely approached, if both are brilliant, it is 
“conjunction (saauigama): if the two are very small, aud struck 
down, it is “ front” (eéta) and “ contlict” (c/greha), respectively.” 

23. Venus Is vencrally victor, whether situated to the north or 
fo the south... . : 

In this passage, as later in a whole chapter (chap. xi), we quit the 
proper demain of astronomy, and trench upen that of astrology. How- 
ever intimately connected the two seicuees may be in practice, they are, 
‘in general, kept distinet in treatment—the Siddh&ntas, or astronomical 
text-books, furnishing, as in the present instance, only the scientific basis,. 
the data and methods of ealeulation of the ,ositions of the heayenly 
bodies, their eclipses, conjunctions, risings and settings, and the like, 
while the Sanhitas, Jatakas, Tajikas, ete., the ast. ological treatises, makg 
the superstitious applications of the science to the a renga of the 
planctary influences,-and their determination of human fates. Thus the: 
eclebrafed astronomer, Varaha-mihira, besides his astronomies, coim- 
posed scparate astrological works, which are still extant, while. the for 
mer have become lost. It is by no means impossible that these verses 
may bean interpolation into the original text of the Sarya-Siddhanta. 
They folly only a disconnected fragment: it Is not to be apposed that 
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they contain a‘ complete statement and definition of all the different 
kinds of conjunction recognized and distinguished by technical appella- 
tions;. nor do they fully set forth the circumstances which determine the 
regult of a hostile “encounter” between two plancts: while a detailed 
# explanation of some of the distinctions indicated—as, for instance, when 
<a planet is “ powerful” or the contrary—could not be given without enter- 
" Ing quite deeply into the subject of the Hindu astrology. This we do 
- not regard ourselves ns called upon to do here: indced, it would not be 
- possible to accomplish it satisfactorily without aid from original sources 
which are not aceessible to us. We shall content ourselves with follow- 
ing the example af the commentator, who explains simply the sense and 
connection of the verses, as given In our translation, citing one or two 
parallel passages from works of kindred subject. We would only point 
out farther that it has been shown in the most satisfactory manner (as by 
Whish, in Trans, Lit. Soe. Madras, 1827; Weber, in his Indische Studien, 
ii. 236 ete.) that the older Hindu selenee of astrology, as represented by 
Varaha-nihira and others, reposes: entirely upon the Greek, as its later 
forins depend also, in part, upon the Arab: the latter connection being 
indicated even in the common title of the more modern treatises, (ajika, 
which comes from the Persian tazi, “Arab.” Weber ives (Ind. Stud. 
geli. 277 ete.) a translation of a passage from Varaha-mihira’s lesser treat- 
“ike, which states in part the cirenmstances determining the “power™ of a 
* planet in diticrent situations, absolute ur relative: partial explanations 
upon the same subject furnished to the translator in India by his native 
av assistant, agree with the-e, ane hoth accord elosely with the teachings 
‘ef the Tetrabiblos, the astrological work attributed to Ptolemy. 


», 23... . Performan like manner the calculation of the con- 
i gignction (sainyeygu) of the plancts with the mcon, 
2° SYPhis is all that the treatise says respecting the eonjunetion of the 
: oon with the lesser planets : of the phenomenon, sometimes xo striking, 
of the occultation of the latter by the former, it takes no especial notice. 
The commentator cites an additional lialf-verse as sometimes included in 
the chapter, to the cfleci. that, in calculating a conjanction, the moon's 
latitude is to be reckoned as corrected by her parallax in latitude (ava- 
nati), but rejects it, as making the chapter ovr-full, and as being super- 
fluous, since the nature of the case determines the application ere of 
, the general rules for parallax presented in the fifth chapter. Of any 
; tere of the plancts themselves nothing is said: of course, to calcu- 
ate the moon’s parallax by the methods as already given is, in effect, to 
attribute to them all a horizontal parallax of the same value with that 
assigned to the sun, or about 4’. fae od. 
The final verse of the chapter is a cavcat against the snpposi@enidhat, 
when a “conjunction” of two plancts is spoken of; #H§ theta * 
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CHAPTER VIII. 


OF THE ASTERISMS. ! ge 


Contents :—~1-9, positions of the asterisms: 10-12, of certain fixed stars ; 12, diree ° 
‘tion to test by obeervatiun the uccurncy of these positions ; 13, splitting of. 
Rohini’s wain; 14-15, how to determine the conjunction of a planet with an - 
asterism ; 16-19, which is the junction-star in ench asterism ; 20-21, positions of 
other fixed stars. v 


1. Now are set forth the positions of the asterisms (dia), in 
minutes. If the share of each one, then, be multiplied hy ten, 
and increased, by tlic minutes in the portions (Jieqga) of the past 
asterisms (dhishayei, the result will be the polar lougitudes 
(cdhruve), —» 


The proper title of this chapter is nakshatragrahayuturdhikdra, © elhap- 
ter of the conjunction of asterisms and planets” but the subject of con- 
Junetion ocenpies but a sinall space in it, being limited to a diréetion 
(vv. 14-15) to apply, with the necessary modifications, the methods. 
taught in the preceding chapter. The chapter is mainly oecupied with 
such a definition of the positions of the astertsi----to which hre added :, 
also those of a few of the mere prominent amoug the fixed sturs—ag it 
necessary In order to render their coujuuetions capable of Lelie calculated, 

Before proceeding to vive the passage which states the positions of 
the asterisms, we wiilexplaiua the manner mm winch these are deiined, i: 
the accompanying figure (Fig. 80), let EL. represent the equater, andsQ@,t 
I. the eqghpue. PP srl 1 heir their respese ; 
live poles, Lat S be the position of civ 
giver star. ate throwel it draw the cirele 
of declination Poa. Then ts the point 
on the eeliptic of which the distance from 
the first of Aries and from thecatar respee- 
tively are here given as its longitude and 
latitude. So faroas the latitude is eon- 
eerned, this is vot unaeccordant with the 
usivze of the treatise hitherto. Latitude 
(vikshepa, “disjection”) is the amount by 
Which any bedy is removed from. the 
declination which it onght to have—that 
is, from the point of the ecliptic which it 
ought to cecupy— declination (&ranii, apa- 
krama) being always, according to the 
Hindu understanding of the term, in the 
ecliptic itself. In the case of a planet,. 
whose propes. path is in the ecliptic, the 
point of that circle which it onglit to ocen-. 
| py is deterinined by its calculated longi- 
tude: in the case of a fixed star, whose only motion is about the pole of 
the heavéhs, its point of declination is that to which it is referred by a 
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circle through that pole. Thus, in the figure, tho declination (krdanti) of 
8 would be ¢ a, or the distance of a from the equator at cy ‘its latitude 
(vikshepa) is a S$, or its distance from a. We have, accordingly, the 
same term used liere as before. To designate the position in longitude 
@, on the other hand, we have a new term, dhruva, or, as below, (vv. 
E15), dhruvaka. This cones froin the adjective dhrura, “fixed, im- 
Fgetiovable,” by which the poles of the heaven (see below, xii. 43) aro desig- 
“ated; and, if we do uot mistake its application, it indicates, as here 
employed, the longitude of a star as referred to the ecliptic by a circle 
from the pole. We venture, then, to translate it Ly “polar longitude,” 
- as we also render vikshepa, in this connection, by “ polar latitude,” it 
‘ being desirable to have for these quantities distinctive names, akin 
with one another. Colebrooke employs “apparent lougitude and. lati- 
tude,” which are objectionable, as being more properly applied to the 
results of the process taught in the last chapter (vv. 7-10). 

The mode of statement of the polar lungitudes is highby artificial and 
arbitrary : a number is mentioned which, when multiplied by ten, will 
give the position of cach asterisin, in minuntes, in its own “portion” 
(Shoga), or are of 13° 20' in the ecliptic (sce ii, 6-4). 

4, Thies passage presents a name for the asterisins, dhishaya, which has 
mot occurred before ; it is found once more below, in vi. 21, 





-2. Forty-cight, forty, sixtyv-live, fifiy-seven, fifty-cight, four, 
seventy-elglit, seventy-six, fourteen, 

a +B. Fifty-four, sixty-four, fifty, sixty, forty, xeventy-four, sey-. 
{ enty-eight. sixty-four. 

7 rd Fourteen, six, four: (ttara-Ashidha, (edéieva) is at the 
“itiddle of the portion (Bhoga) of Pirvu-Ashiidhi (ipya); Abhi- 
* jit, likewise, is at the end of Pfirva-Ashddba; the position of 
‘. Gravana is at the end of Uttara-Ashiidhai ; 

5. Cravishtha, on the other hand, is at the point of connec- 
tion of the third and fourth quarters (wade) of Uravana: then, 
in their own portions, eighty, thirty-six, twenty -two, 

6. Seventy-ninc. Now their respective latitudes, reckoned 
from the point of declination (apulramay of each: ten, twelve, 
five, north; south, five, ten, nine; 

7. North, six: nothing; south, scven ; north, nothing, twelve, 
thirteen; south, eleven, two: then thirty-seven, north; 

8. South, one aud a half, three, four, nine, five and a half, five; 
north, also, sixty, thirty, aud also thirty-six ; 

9. South, halfa degrcc; twenty-four, north, twenty-six degrecs: 
nothing—for Acvini (dasra), ctc., in succession. 


The text here assumes that the names of the asteriams, and the order 
of their succession, are so familiarly known as to render it unnecessary 
to rehearse them. It has begn already noticed (sce above, i. 48-51, 55, 
56-58, etc.) that’a similar assumption was made as regards the names 
and succession of the months, signs of the zodiac, years of Jupiter's 
cycle, and the like. Many of the asterisams have more than one appel- 
lation : we present in the annexed table those by which they are more 
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generally and familiarly known; the others will be stated farther on, 

early all thaee titles are to Le found in our text, occurring here and 
there; a few ef the asterisms, liowever, (the 5th, 6th, 9th, and 17th), 
are mentioned only by appellations derived from the names of the dei-" - 
ties to whom they are regarded as belonging, and one (the 25th) changes ¢ 
not to be once distinctively spoken of. We append to the naines, ing 
tabular form, the data preseuted in this passage; naincly, the positiol? 
of each asterism (nukshutra) in the are of the ecliptic to which it giveg::. 
name, and which is styled its “portion” (bhoga), the resulting polar lon- 
gitudes, and the polar latitudes. Agd since it is probable (see note to 
the latter half of v. 12, below) that the latter were actually derived by ; 
calculation from true declinations and right ascensions, ascertained by *% 
observation, we have endeavored to restore those more original data by” 
calculating them back avain, aeeording tu the data and methods of this 
Siddhanta—the declinations by ii, 28, the right asecusions by ii, 44-48 
—and we insert our results in the table, rejecdug odd mivutes less than - 
ten. 

Positions of the Junction-Stars of the sistcrisms, 


‘Posili ni 


| Interval Interval, 


! | . ! 
1 a : Polar Polar Ristst ‘l'rue 
a Naine. Lait “Longitude Lautude. Ascension Declinntion.'y sn uitude nA l 





we 





» 9 4, @ uw F:o ? 


aoe “ 
. 


























1 |Acvini, o Bou : my UN > Gu | ryan, ala 
2 ‘Bharayi, Qp. ov ab pQooaas WG Ju fo a 5 3b 46 5o 
3 Krttika, pla fe Sr bo) dou Mae tg a tae 
4 Rohini, a LS 13° 33] 13 fo 
5 (Mrgacirsha, yi 09 Z Ce ' bi a0 % 4 2 | 4 40 
6 |Ardrd, [eae DRI Os, S| UE a5 Aol ay 30 
i Sage 14 ue oy ho owN. gd ro ie o™ 1300 4 © 
jPushya, 2 fo; OM oy fou ree de 2 a : 
9 Agleshi, 2 20, Tog 0 | ~ oS rio da myo - : i pi 
10 | Maghi, race! op woe ito Wwe oe otis gy 
11 P.-Phalguni, | 10 du Lif of 1a GN. nie te 25 Sue Te eer go 
12 'U.-Phalguni, 8 a0'15d irs co Tat fut a2 FO, ——_— 3 50 
13 ‘Hasta, To Ooo Of rr as. rm fos 7 oS." ie <6 g 20 
(4 Oitrd, 1 4 fol re ot 2 ous fu oo; 2 0%; Ig 0 : 17 40 
14 Svati, lia 20 Igg 37 ONL G7 -jo ay 20 Nu: 14 0 “33 10 
16 :Vicdkha, ly ofai3 oe! t tes. ara 50 ! Lj 20 8... ae. ive o 
17! Anurfdha, lio gutaag of Boos 221 fe rg ao : a ee 
18 Jyeshthi, la 20, ag 0 , fu" off Su aw" yg | 1 ) 
19 |Mula, | I oy 241 u | y 2 " . 938 ow 29 So“ 13 o {34 o 
20 iP.-Ashidhi, | o do v4 o| 5 doe. 25a: 97 48 30": 6 0} 6 30 
az |U,-Ashidha, | . 1260 q! 5S ot 25y 20 2h fo" —” 6 46| 7 0 
42 ‘Abhijit, 266 jo bo ON, 206 20 35 Oo N. 3 20114 30: 
23 ‘Cravana, aio uv Jo 0) 280 . ; i i 110 «0 | 10 fo 
24 iCravishtha, wees [290 0/36 0% agr 30/13 30 & | 
35 raneriinad 13 20! 320 | 0 308. 32a to | 15 40 = _ s a. = 
26 |P.-Bhaidrapada, 6 0/336 0/24 ONj32% tol10 50 NY Od LG 39 
27 |U.-Bhidrapad,| 3 40] 337 0/26 0% | 338 40) 16 50 "| 4. 5, Jar 10 
26 |Revatt, 13 10 | 359 So| 9 © -|359 So} o o 8 10 |*7 4o 












178 
{. ji. 
-Agrini. 1, Acvini. 
A. 
ae | 2. 
Bhavan. . Bharayi. 
i, 
3, 
Ryitihe kK 
-3, KrttikA 
1. 
4. Rt. 

Rohini. --4, Rohini, 
| | M. 
Mrgncimba —5. Mrgaciraha. 

—6. Ardri. 
| : 
I | A. 

1. 

‘Pau | 
arvasu. | 
|-:. Punarvasu. 
eee 
Posbya. | P. 
l 8, Pashys, 
«| -9. Acleshi. 
[A 
ss 10, e 
M. 
Magli | —1o0, Maha 
1". 
1, | | P.-Ph, 


P.-Phalguni. - 


| 


12. 
3 
Uz Phalgunt, | 


U.-Ph. 


-—11. P.-Phalguni. 


--12.U.-Phalguni. 


Strya-Siddhdnia, 


Fig. 31. 





28, wh 
| R. Revuti. 
| 1 
l a1. h - 
U.-BL aby 
\27. V-Bhadrapadii—| all 
P.-Bh. 25. 
26, P.-Bhiidrapada P.-Bhidrap. 
25, Catabhishaj-- 
a 24. 
| Cat | t Catabhishaj. 
Cr| 23. 
Cravishtha. 
| 23 
| 24. Cravishtha ee 
| C Cravana. 


es oe 


[vili. 9. 


















28. Revati— 


23, Cravann 


a, 
U.- Ashidhs, 
22, Abhijit: 


UA, 20 
at, U.-Ashadhi P.-Ashadha, 
ao, P.-Ashidha 
19. 
}.-A. Mula. 


wy Mia 
l | 18. 
" ane [ Jyeshtha. 
18. Jyeshthi- -| i 
1s Anuridhf- I-, 
Anurid!.A. 


16, Vigfikhi— 
* 16, 


Vighkha. 


15. 


Svat. 


14, 
Citra. 


vill. 9. o Translation and Notes. 179 


Our calculations, it should be remarked, are fornded upon the as- 
sumption that, at the time when the observations were made of which 
our toxt¥e¢ards the results, the vernal equinox coincided with the 
initial point of the Ilindu sidereal sphere, or with the beginning of 
the portion of the asterism Acvinl, a point 10’ eastward on the ecliptic 
from the star ¢ Piscium: this was actually the case (see above, under i. 
27) about A. D. 560. The question how far this assamption is sup- 
ported by evidence contained in the data themselves will be considcre 
later. To fill ont the table, we have also added the intervals in right 
ascension and in polar longitude. 

The stars of which the teat thus accurately defines the positions do 
not, in moat cases, by themselves alone, constitute the, asterisins (nak- 
shutra); they are only the principal members of the several groups of 
stars—each, in the calculation of conjunctions (yoga) letween the plan- 
ets and the asterisins (see beluw, vv. 14-15), representing its group, and 
therefore called (see below, vv. 16-19) the “ junction-star” (yogatdré) of 
the asterism. 

Ii will be at once noticed that while, in a former passage (11 64), the 
ecliptic was divided into twenty-seven equal ares, as portions for the aster- 
Isms, we have here presented to us twenty -cisht asterisms, very unequally 
distributed along the celiptic, and at greatly varying distances frum it. 
And it is a point of so much consequenee, in order to the right ‘under- 
standing of the character and history of the whole svstem, to appreliend 
elearly the relation of the groups of stars to the ares allotted to them,, 
“that we have prepared the accompanying diagram (Fig. 31) in illustra- 
tion of that relation. ‘The fizure represents, in two parts, the circle of 
the ecliptic : along the central Hues iy marked its division into ares of 
ten and five degrees : upon the outside of these lines itis farther divided 
ito equal twenty-sevenths, or ares of 13° 20, und upon the inside inte 
equal twenty-eighths, er ares of 12° 512/: these being the portions. 
(bhoga) of two systems of asterisms, tweuty-scven and twenty-eight in 
nuinber respectively. The starred lines which run across all the divisiona 
mark the polar longitudes, a> stated in the text, of the junction-stars of 
the asterisms. The names of the latter are set over against them, in the 
inner columns: the nanies of the portions in the system of twenty-seven 
are given in full in the outer coins, cand those in the system of twenty- 
eight are also placed opposite the portions, upon the inside, in an abbre- 
viated form. 

The text nowhere expressly states which one of the twentv-cight aster- 
isms which it recognizes is, in its division of the ecliptic into only twenty- 
seven portions, left without a portion. That Abhijit, the twenty-second 
of the series, is the one thus omitted, howeves, is clearly iaplied in the 
statementa of the fourth and fifth verses. Those stutem«nats, whieh haye 
caused difficulty to more than one expounder o° the passage, and have 
been variously misinterpreted, are made entirely clear by supplying the 
words “asterism” and “ portion” throughout, where they are to be under- 
stood, thus: “ tho asterism Uttara-Ashadhé is at the middlepf the por- 
tion styled. Parva-Ashadha; the asterism Abhijit, likewise, t& at the end 
‘of the portion Parva-AshAdha; the position of the asterigm Cravana is 
at the ondof the portion receiving its name from Uttara-Agbadha ; while 
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‘portion named for Crayana.” After this interruption to 
correspondence of the twu systems—the asterism Abhijit being left with- 
out a portion, aud the portion Cravishtha containing no asterism—they 
go on again harmoniously together to the close. ‘The figure ijlustrates 
Clearly this condition of things, and shows that, if Abhijit be left out of 
“account, the two systems agree so faras this—that twenty-six asterisms 
fall within the limits of portions bearing the same name, while all the 
discordances are coufined to one portion of the ecliptic, that comprising 
the 20th tv the 23d portions. Tf, on the other hand, the eeliptie be divi- 
ded into twenty-cichths. and if these be assizned as portions to the 
twenty-cight asterisms, if ix seen from the figure that the diseordances 
between the two systems will be very great: chat. only in twelve instan- 
ees will a portion be veenpied by the asterism Learing its own name, and 
by that alone: that im sixteen cases asterisins will be found to fall within 
the Jimits of portions of diferent uame: that four portions will be left 
Without any astcrisin ad all, while four others will contain two each, 
These discurdanres are enouh of themselves to set the whole sub- 
ject of the asterisms tiiacnew light. Wherens it might lave seemed, 
from what we have seen of it heretofore, that the SVSten) Was founded 
upon a division of the celiptic inte twenty-seven equal portious, and tho 
selection of a star or a constellation te mark cach portion, and to be, as 
it were, its ruler, it now appenrs Chit the series of twenty-eight aster- 
isms may be something medlependent of snd anterior to, aay division of 
the ecliptic tite equal ares and Chat the one un Tiwe been only arti 
‘Geially brought inte connection with the other, complete harmony 
Between them being altogethor iinpessible. And this view is fully sus- 
tained by evidence derivable from outside the (indi seienee of astron- 
ZOMv, and beyond the borders of India, Phe Paris. the Arabs, and the 
@Olinese, are fon) aiso te be in poss: ssien of a similar system of divi- 
‘sign. of the heavens inte twenty-civht portions, marked or separated by 
as many single stars or constellations, OW the ard system: fitthe or 
‘nothing is known excepting the ananber andl umes of the divisions, 
which are given in the secoml chapter of the DindebLesh (see Anquetil 
da Perron’s Zendavesta. ete, G4). The Arab divisions are styled 
ma. al-kamar, “ lunar mansions, stations of ie moon,” peing brought 
into Special connection with the moon's revolution: they are niurked, 
dike the Hindu “ portions,” by groups of stars. The first extended com- 
“parison of the Ilincu asterikms and the Arab mansions was made by Sir 
Willtiant Jones, in the second volume of the Asiatic Researches, for 1790: 
it was, however, only a rude and imperfect sketch, and led its author to 
no valuable or trustworthy conclusiens, The same coimparisou was taken 
up later, with vastly more learning and acuteness, by Colebruoke, whose 
valuable article, published alsu in the Asiatis Researches, for 1807 (ix. 
323, ete.: Essays ii. 321, ete.), has ever since reinained the chief source 
of knowledge respeeting the Hindu asterisms and their relation to the 
lunar inansions of the Arabs, To Anguetil (as above) is due the credit 
of.ghe first suggestion of a evincidence between the Parsi, Hindu, and, 


Chinese systems: Wut he did nothing more than suggest it: the aged . 


— and use of the Chinese divisions wero first established, ay 
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tho asterism CravishthA is between the third and fourth quarters of thas 
the regularity of" 


af 
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' their primitive identity with the Hindu asterisms demonstrated, by Biot, 
in a scrica of urticles published in the Journal des Savants fo¥Ml 840: and 
he has more recently, in the volume of the same Journal for 1859, re- 

- viewed and restated his former exposition aud conclusions, ‘These we 
shall present more fully hereafter: at present it will be enongh to say 
that the Chinese divisions are equatorial, not zoiliaca!; that they are 
nained siev, “mansions”; and that they are the intervais in right aseen- 
sion between certain single stars, which ere also called sieu, and have the 
same title with the divisions wiieh they intradnes, We propose to pre-. 
sent here a summary comparison of the [inda, Arch, sul CHinese sya- 
tems, in connection With au identification of Gis st rs aud gropps “of 
stars forinine the Plimdu asterisins, amd with Use statement of such 
information respecting the latter, hevond that viven in eur text, as will 
best contribute to a fall understanding of their character, 

The identification of the asterizms i. founded asen tha positions of 
their principal or junetion-stara, 2+ stated) ithe asyronamical text-hooka, 
upon the relative plaees of these stars in tae gran of which they form 
a part, and upon the rensber of stacy composting ceeh eroip, and the 
figure by which their arracgreniont is represented > dun flay cases, too, 
the mimes themselves or ti asterteias aire disfiietiy ey and assiet the iden- 
tification. The number sad configuretion of the stars fecning the groups 
are not. stated in our testis we derive them iieiniv trem Col-lrooke, 
althouch ours lyes aise duwing hil access daca corer veal, mest of his 
autburities, namely tre Coreiva-sSanhita, the Miuhdirte- intdimani, and 
the Ratnamialis (as eed bs Jones As. Mes i of). Sir Willian Jones, 
it may be remarked, tirni-ehes (As. Res ii 298) plied an engraved copy 
of drawings mide by aor-uive artist of fie fienves aesicncd to the asters 
isms. For the amber ef aos In ead group we Pave su seiditional 
authority inal-Dirtiai, the Arab savin. of the et venti century, who 
travelled in Unidia, amd stidted: with especish ene the Tine astrenomy, 
The information furnished by hin with reward to the asesiis we derive 
from Biot, in the Journal cles Savants for ESd5 (pp. 2-511) it professes 
to be founded upon the Nhanda-Nataka® of Brahorveupis. AL Birtini 
also vives an identification of the asteristus, <0 fir as tie Eiindu astrone- 
mers of his day were able fo furnist: it to bin, whieh was only in part: 
he is obliged to mark seven er ciclt of the --ries as unknown or doubt- 
ful. He speaks very sGehitingly of the practiod acquaintauce with the 
heavens possessed by the Hindus of tis time, amd they certainly have. 
nob-since jinproved im ais respeet > the modern investivaturs ef the 
same aubjecl, as dones and Colebrooke, alsa complain of the finpossi- 
bility of obtaining from the native astronomers of Judia satisfactory 

@ lcutifications of the asterism and their junction stars. The transkator, 
‘to like manner, spent much time and etiort in the attempt to derive 
such information from his native assistant, but wa. able tu arrive at no 
results which could constitute any valuable additicn to those of Cole- 
brooke. It is evident that for eeuturies just, ae ut present, the native 

e 
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* The true. form of the name is not altogether certain, it being known only 
thropgh ite Arabic transcription: it secins to designate rather a chapter ina treatise 
than A complete work of its author. ‘ 
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tradition has been of no decisive authority as regards the position and 
ae of the groups of stars constituting the asterisms: these 
mauat be determined upon the evidence of the more ancient data handed 
down in the astronomical treatises, 

In order to an exact comparison of the positions of the junction-stars 
-as defined by the Hindus with those of stars contained in our cata- 
logues, we have reduced the polar lonvitudes and latitudes to true longi- 
tudes and latitudes, by the following formulas (see Fig. 30): 

(l—cos Aa) cot ELC = tan Sah 
sin Sed sin Sa = sin Sb 
tan Sé cut Sab= sin ab 

Aa heing the polar longitude as stated in the text (= La-+- 180°), Sa 
the polar latitude, 2 LC the inclination of the ecliptic, S & the trae lati- 
tude, and a6 a quantity to be added to or subtracted frdm the polar Jon- 
gitude to give the true longitude. The true positions of the stars com- 
pared we take froin Flamsteed’s Catalowus Drittaniens, subtracting in 
each case 15° 42’ from the lonznudes there eiven, in order to reduce 
them to distances froin the vernal equinox of A. 1. 80, assumed to 
eolucide with the initial point of the Hindu sphere. There is some 
discordance among the different Hindu authorities, as regards the stated 
positions of the junetion-stars of the asterism. The Gakalya-Sanhita, 
Indeed, avrees in every point precisely with the Sarva-Siddhanta. Dut 
the Siddhanta-Giromiud ored gives a soimewhal diferent value to the 
polar longitude or latitude. or both. With ii, so far as the longitude is 
concerned, exactly accord the Drahma-Siddbiaita, as reported hy Cole- 
Prooke, and the Khandsa-Nataka, as reported ly al-Birtini ‘The Jati- 
‘tudes of the Brahma-Siddhauts also are virtually the same with those of 
the Siddhanta Ciremani, their diterences never amountiug, save ina 
single tustanee, to more than 3): but the latitudes of the Khanda-Nataka 
often vary considerably from both, The Gaaha Laghava, the ouly other 
authority accessible to us, presents a serics of variudions of it, own, inde- 
pendent of those of either of the other treatises, All these differences 
are reported by us below, in treating of cach separeie asterism. The 
presiding divinities of the asterisnn ve give npor the authority of the 
Taittiriya-Sauhita (iv. 4.10. 1-5), the Taittiriva-Drahmana (iii. 1. 1,2, as 
cited by Weber, Zeiterh. fi d. Nd. More, vin, 266 cte., and Ind. Stud., 
1.90 etc), the Muhirta-Cintiusani, and Coleirooke: those of abont 
half the asterisms ure also indirectly given in our text, in the fonn of 
appellations fur the asterisms derived from then. 7 

Tho names and situations of the Aral lunar stations are taken from 
Ideler’s Untersuchungen fiber -iie Sternnamen: for the Chinese man- 
sions and their determining sturs we rely solely upon the articles of a 
Biot, to which we have already referred. 

It has seemed to us advi-able, notwithstanding the prior treatment by 
Colebrooke of the same subject, to enter into a careful re-vxsamination 
and identification of the Hindu asterisms, because we could not accept 
in the bulk, and without modification, the conclusions at which he arrived. 
Fhe identifications by Ideler of the Aral mansions, more thorough and 
vemrrect than any which had been previously, mare, and J3ivt's compari- 
cr the Chinese sieu, have placed new and valuable materials in our 
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hands: and these—together with a more exact comparison than was 
attempted by Culebrooke of the positions given by the Hindus to their 
junction-stars with the cata of the modern catalogues, and a new and 
independent combination of the various materials which he himself fur- 
nishes—while they have led us to accept th®@ greater number of his iden- 
tifications, often establishing them more confidently than he was able to 
do, have also enabled us in many cases to alter and amend his resulta. 
Such a re-examination was necessary, in urder to furnish safe ground for 
a more detailed comparison of the three systems, which, as will be seen 
hereafter, Icads to important conclusions respecting their historical rela- 
tions to one anothier. 


1. Arvin ; this treatise exhibits the form areiaé: in the older lists, 
as also often elsewhere, we have the doal a¢eiadn, acregujau, “the two 
horsemen, or Acvius.” The Acvins are personaes in the ancient Hindu * 
mytholory somewhat nearly corresponding to the Castor and Pollux of 
the Greeks. They are the divinities of the asterism, which is named 
from them. ‘The wroup is figured as a horse’s head, doubtless in allusion 
to its presiding deities, and not from any imagined resemblance. The 
dual name leads us to expect to find it composed of two stars, and that 
is the number allowed to the asterbin Ly the Cakaiva and Khanda- 
Kataka. The Sarma-Siddhinia (law, v. 1G) designates the northern 
member of the group as ifs junetion star: that tis is the star 3 Arietis 
(magn. 8.2), and nore Arieds tung. 2 ae assumed by Colebrooke, is 


shown by the followin comprisen of pusitiuns ae 
Acving. . oe. dong. ALD 60, nt Sy ee dat gore WN, 
3 Arietia 2. . che, rier . . day 6° 98’ N, 
a Arietis ae tle, Pee A ae a y” 577 N, 


Colebrooke was misled in this instanee by adopting, for the number 
of stars in the asterism, three, as stated by the later authorities, and then 
applying to the {rou as thas compose | the destemation given by our 
text of the relative position of the juneiien-star as the northern, and he 
accordingly overlooked the very serious error in’ the determination of 
the longitude thence resulting. Indeed, throughout lis comparison, he 
ives Loo great weieht to the determination of latitude, and tuo little to 
that of longitude: we shall see farther on that: the accuracy of the lat- 
ter ix, upon the whole, much more to be depended upon than that of the 
former. 

Considered as a group of two stars, Acvini is composed of Band 7 
Arietia (magn. 1.3): as a group uf three, it comprises also a in the same 
constellation, 

There is no diseordauce among the diferent at thoritic.. examined by 
us as regards the position of the junction-star of Aevini. cither in lati- 
tude or in Jongitude. The cage is the same with: the eth, 10th, 12th, 
and 18th asterisms, aud with them alone. 

The first Arab aaazil is likewise composed of 8 and 7. Arietia, to 
which sume add a: it is called ash-Sharatin, “the two tokens”—that is 
to aay, of the opening year. 

. The Chinese serics of siew commences, as did anejently the Hinda- 
ayaterm of asterisms, with that which is later the thi asterism. The 


weeoc 
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twenty-seventh sev, named Leu (M. Biot has omitted to give us tho 
signification of these titles), is 8 Arietis, the Hindu junction-star. 

2. Bharani; also, as plural, bharanyas; from the root bhar, “carry 
in the Taittiriya lists the form apabharani, “bearer away,” in singular 
and plural, is also found. Uy divinity is Yama, the ruler of the world 
of departed spirits; it is figured as the yoni, or pudendum muliebre. 
All ‘authorities agree in assivning it three stars, and the southernmost ts 
pointed out below (v.18) as its junetion-star, The croup is unquestion- 
ably to be identified with the triangle of faint stars Iving north of the 
baek of the Ram, or 35. 39, and 41 Arietis: they are figured by some as 
a distinet constellation, under the mune of Musea Borealis, The desig- 
nation of the southern as the junetion-star is not altogether unambigu- 
ous, 73:25 and 41 were, in A.D. 5680, very nearly equigistant. from the 
equator; the latter would seem more likely to be fA one intended, 
since i is nearer the evliptie. and the briehtest: of the eroup—being of 
the third magnitude, while the other two are of the fourth: the defined 
position, however, agrees better with 35, and the error in’ longitude, aa 
compared with 41, is ereater than that of any other star in the series : 


Bharani... 2 ee ee 95° 1 5 Se ee TP ONG 
of Arivtis (a Muses) 0. SA? AGL 2.) ue at NW, 
4] Arietia(e Musee). . 9h? ro" 2 2]. re? aN, 


The Graha-Lighava gives Dharant 1? more of polar longitude: this 
woul: reduce by the same amount the error iu the determination of its 
lynmitade by the other aathoriie.. 
che second Ards manze. al-Dutain, & the tittle heily"—i. e. of the 
Ram—is hy most authorities dedined as comprising the three stars in the 
haunch of th: Thun, orc, 8. and of (ap edse 5) Arietis, Some, however, 
have revarde | it as the sume with Museas and we cannot but think that 
al-Birdni, in ideutifving, as he does, Bharani with al-Bntain, meant to 
indicate by the Jatter name the gronp of which the UHindn asterisin is 
actually composed. 

(Phe last Chinese sie, Ovi, is the star 35 Arietis, or a Muper, 

°. Krltikd ; or, as plural Aritihds + the appelinuive meaning of the 
word is doubtfal. ‘The regent of the asteri mos Agni, the od of tire. 
The group, composed of six stars, is that knovitoe us as the Pleiades. 
It is figured by some asa tame. doubtless in atusion te its presiding 
divinity: the more usual representation of itis a razor, and in the choice 
of this svmbel is tu be recognized the influence of the etymology of the 
name, which may he derived from the root dard, “cut; ” in the confiyur- 
ation of the group, tov, may ve seen, by a suflieiently prosaic eye, a 
bread-bladed knife, with a short handle. [ft the designation given below 
(v.18) of the southern inember of the group as its junction-star, be 
strictly true, this is not Alevone, or y Tauri (magn. 3), the brightest of 
the six, but either Atlis (27 Tauri: magn. 4) or Merope (23 Tauri: 
magn. 5): the two latter were very nearly cqually distant froin the 
equator of ‘A. 1), 560, bunt Atlas isa little nearer to the ecliptic. The 
defined position arrces best with Alcyone, nor can we hesitate to regard 
this as actually the junction-star of the asterism. We compare the posi--- 
tions bulow : | 
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Kiyltika . ... . 39? 8 2... . . 4° G4 NN, 
Aleyone .. . . 3975872. 2. AP NL 
27 Taurt . . . . 4072 20" © 2 ow we S95 N, 
23 Tauri . . . 2 399 fi? . 2 1.» 39 55! N, 


The Siddhanta-Ciromani ete. ive Nritiki 2! less of polar longitude 
than the Sdrya-Siddhanta, aud {he Graha-Laghava, on the other ‘hand, 
30 nore: the latter, with the Khanda-Kataka, agree with our text as 
regarda the polar latitude, which the others reckun at 4° 30’, instead of 5°. 

The Pleiades constitute the third manz? of the Arabs, which is de- 
nominated ath-Thuraivé, “he little thick-set group,” or an-Najn, “the 
constellation.” Alevene is likewise the first Cliuese stew, which ts 
styled Mao, 

4, Rohini, “muddy? 20 named from the hue of its principal star. 
Prajapati, “the lord of created beings.” is the divinity of the asterism. 
Tt contains five stars, in the grouping of whieh Tinedlu fey has scen the 
fivure of a wain (compare v.18, below) y same, however, figure it as @ 
temple. The constellation is the well-koowr one in the face of ‘Taurus 
to which we vive the mane of the Trades, containing €, 9.5.9, Tauris 
the latier, tha most easterly (vf) ane the brightest of the proup— 
being the briliaut sur of tle: first ningnitnde known as Aklebaran—ta 
the junetion-star, as is showa by the auuexcd comparison of po-itions: 

Rohini woe ee ae ys ae ee? 
AbD -larin 


oo ere 

The StdihdantaCiromani ere, ere again present the insteniticant vari- 
ation from) the poder Jomertguede Of our te it ab 2 less: the former also 
makes its polar latinde 1 30°. the Graka-Laghava reads, for the polar 
longitude, fe. AL these vaadatien. add tothe error of dctined position. 

The fourth Arab aud is composed of tie UPesies 2 its name 18 ad- 
Dabaran, “the fullower"— ie. ef the Pleiades, We would suggest the 
inquiry whether this nee mas net Te taken as an imdeation that the 
Arab svstemof mansions onee bean, like the Chinese, aud ike the 
Thindn system originally, with the Pletades. “There is, certainly, no very 
obvious propriety in uaning any but the seeond of a series the * follow- 
mg (sequens or sccredes). Modern astronomy has retained the title as 
that. of the principal star in the group, to whieh aloue it: was often also 
applied by the Arabs, 

The second Chinese sev, Pt, is the northernmost member of the same 
group, or & Tauri, a star of the third to fourth masnitude, 

5. Mrgacirsha, ov mraacirag, “ avtelope'’s head" : with this name the 
figure assigues) to the asterism: corresponds : t}) 6 reason for the designa- 
tion we have not been able to discover. Tis aivinity + Soma, or the 
moon. Jt contains three stars, of which the 1 orthern (v. 16) is the 
determinative, ‘These three can be no other than the faint cluster in the 
head of Orion, or 4, p!, ¢? Orionis, although the Hindu measurement 
of the position of the junetion-star, 4 (magn. 4), is far fro accurate, 
especially as regards ils latitude : 


r Mrgarirsha. . 2. 1° 3". 2 2. 9? 498, 
2Oriunis ... « 639 fof... . 139 2578, 
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"An this grroneous determination of the latitude all authorities agree: 
the Gralia-Laghava adds 1° to the error in polar longitude, reading 62° 
Instead of 63°. 
* Hero again there is an entire harmony among the three systems com- 
ared. The Arab manzil, al-ak‘ah, is composed of the same stars 
_ which make np the Hindu asterism: the third siee, named ‘Tse, is the 
. Hindu junction-star, 4 Orionis. 

6. dArdrdé, “ moist :" the appellation very probably has some metedro- 
logical cround, which we have not traced out: this is indicated also by 
the choice of Rudra, the storm-wod, us recent of the asterism, It com- 

¥ prises a single star only, and is figured as a gem. _ It is impossible not to 

+regard the bright star of the tirst magnitude in Orion’s right shoulder, 

“age Orionis, as the one here meant to be deaiznated, notwithstanding 
the very grave crrors in the definition of its pusition given hy our text: 
the only visible star of which the situation at all nearly answers to that 
definition is 135 Tauri, of the sixth magnitude; we add its position 
below, with that of @ Wrionis : 


Ardri sw we. O12 50" sw. BO 4S, 
a QOriony. 2... OS9 43" 2. 2, 1h of". 
135 Tauri . . . 87? 36" 2 ww. Po’, 


,, The distance from the sun at which the heliacal rising and setting of 
Ardr& is stated helow (ix. 14) to take place would indieate a star of about 
the third magnitude, this adds to the ditlenity of its identification with 
either of the two stars econpared, We confess ourselves unable to 
i“scount for the confusion existing with revard to thisasterism, of whieh 
% al-Birdni also could obtain neo intelligible aceount from his Indian 
& teachers, Bur itis to be observed that all the authorities, excepting our 
- text and the (‘akalva-Sanhita, vive Ardra U1? of polar latitude instead 
of 9°, which would reduce the error of latitude, as compared with @ 
Orionis, to an amount very little greater dhan will be met with in one or 
two other cases hulow, where the star is situated somh of the ecliptic ; 
and it is contrary to all the analogies of the sv-tem that a faint star 
should hare been selected to form by itself an asterism. The Siddhinta- 
Ciromani ete. make the polar longitude of the asterism 20/ less than that 
given by the Sarya-Aiddhanta, and the Graba-Lichaya 1° 20! leas: these 
would add so much te the error of longitude, 

Here, for the first time, the three cystems which we are comparing 
disagree with one another entirely. The Chinese have adopted for the 
determinative of their fuurth siex, which is styled Tsan, the upper star 
in Orion’s helt, or d Oriouis (2)—a stranye and arbitrary. selection, for 
which M. Biot is unable to tind any explanation. The Arabs have estab- 
lished their sixth station close to the ecliptic, in the feet of Pollux, nam- 
ing it al-ITan'ah, “the pile": it comprises the two stars 7 (2.8) and & 
(4.3) Geminorun : some authorities, however, extend the limits of the 
mansion 80 far as to include also the stars in the foot of the other twin, 
or 7, ¥, # Géminorum; of which the latter is the next Chinese siew, 

7. Punarvasu ; in all tho more ancient lists the name appears as a 
doal, punarvasd: it is derived from punar, “again,” and vasu, “good, 
brilliant” : the reason of the designation .is not apparent. The regent 
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of the asterism is Aditi, the mother of the Adityas. Its dual title indi- 
cates that it is wag nites of two stars, of nearly equal brilliancy, and 
two is the number allotted to it by the CAkalya and Khanda-Kataba, the 
eastern being pointed out below (v. 19) as the junction-atar. The pair 
are the two Tight stars in the heads of the Twins, or « and # Gemino- 
rum, and the latter (1.2) is the junction-star, ‘The comparison of posi- 
tions is as follows: 

Punarvasn . . .. 927 42"... . 6? A! N, 

8 Geminorum. . . g32 14"... . 6? 30 N. 


The Graha-Laghava adds 1° to the polar longitude of Punarvasu as’ 
stated by the other authorities. 

Four stars are by some assicned to this asterism, and with that num- | 
ber corresponds the representation of its arrangement by the figure of" 
a house: it is quite uncertain which of the neighLoring stars of the seame- 
constellation are to be added te those above mentioned to form the group’ 
of four, but we think ¢ (magn. 4) und ve (3) these most likely to have 
been chosen: Colebrooke stvessts t (3.3) ane © (9. '), 

The dctenninaive of the fifth sie, Tsing. ts 4 Geminorina (3), which, 
as we have seen, is rechoned among the stars composing the sixth 
manzil: the seventh manzid includes, like the Hindu asterism, « and 8 
Geminorum: it is wuned adh-Dhiri’, «the paw"-—1 ¢.. of tlie Lions the 
figure of Leo (see Ideler, p. Toe ete.) being by the Arabs so stretched 
out as to cover parts of Gomink Cancer, Canis Minor, and other neigh- 
boring constellations, 

8S. Pushue: from the root pask. “ nyarish, thrive’ > another frequent 
name, Which is the one enipleyved hy our treatise, is Ushya, which is © 
translated “auspicions” > Atnara gives also se/ega, © prosperous.” Its. 
divinity is Drhaspati, the priest aml teacher of the pods. It comprises 
three stars—the Khanda-Kataka alone seems to vive it but one—of which 
the middle one is the junetion-star of the asterism, This is shown by 
the position assicned to it to be J Caneri (4): 

Poshiva . 2 we Pe : 
OCameri. 2 2. OSPF fa... ON 


The other two are doubtless 3 (4.9) and 9 (61 of the same constellation: 
the asterisin is figured as a ereseent and as an arrow, and the arrange- 
nent of the group adinits of being regarded as representing a crescent, 
or the barbed head of an arrow. Were the arrow the only figure given, 
_ it might be possible to regard the group as composed of 7, “, and 7 (4), 

the latter representing the head of the arrow, and the nebulous cluster, 
Pruesepe, between yo und Y, the feathering of its shaft: # (105° 43 
0° 48’ 8.) would then be the junction-star. 

The Arab manzil, an-Nathrah, © the nese-ap"—i. ¢., of the Lion 
comprises 7 and 6 Caner, tagether with Priesepe . or, according to somé . 
authorities, Priesepe alone The sixth siex, Kuei, is & Canen, a star: 
which is, at preseut, only with ditticulty distinguished by the naked eye. 
Ptolemy rates it ax of the fourth magnitude, like 7 and é: perhaps it is 
one of the stars of which the brillianey hag sensibly diminished during 
the past. two or three thousand years, or else a variable star of very 
-long pégod. The possibility of such changes requires to be taken into 
account, in comparing out heavens with those of so remote a past. 
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9. Agleshd ; or, as plural, drleshds; the word is also Written dereshd: 
its appellative meaning is “ entwiner, embracer.” With the name accord 
the divinitics to whom the regency of the asterism is assigned, which 

‘are sarpds, the serpents, The number of stars in the group is stated as 
five by all the authorities excepting the Khanda-Kataka, which reads six: 
their configuration is represented by a wheel. ‘The star @ Cancri (4) is 
pointed out by Colebrooke as the junetion-star of Acleshd, apparently 
from the near correspondence of its latitude with that assigned to the 
latter, for he saya nothing in connection with it of his native helpers: 
but @ Caueri is not the eastern (v.19) member of any group of five stats ; 
nor, indeed, iy it a member of any distinet group at all, Now the name, 
figure, and divinity of Aclosha are all distinetive, and point to a constel- 
lation of a bent or cireular form: and if we po a litle farther south- 
ward from the ecliptic, we find preeisely such a constellauion, and one 
containing, moreover, the corresponding Chinese determinative, The 
group is that in the head of Tydra, or 4. 0. 0, 7, @ Hydriv. o and 9 being 
of the fifth magnitude, and the rest of the founh: their arrangement is 
conspicuously circular, ‘There can be no deubt, therefore, that. the 
situation of the asterism is in the head of ULydral aud ¢ Tydra its 
brightest star (being rated in the Greenw, Cato as of me snitnde 3.4, 
while 0 is 4.5), is the junetion-star: 

: Agleshi oe ee ad |) eo a 

eViydra. 2... rr22 ae BS. 
a Caner ae! oe OTS ie al Se OS 

Lhe error of the Hindu det :rimination of the Intivude is, indeed, very 

‘Websiderahle, yet not greater than we are compelled to accept im one or 

‘two other cases. The Nhanda-Kataka inereases it J. civine the aster 

ism 6° instead of 7° of polar latitude, “Che Siddhdnta-Ciromani. ete, 
deduct 1° from the polar lonvitude of the Sarva-siddhanta, aud) the 

Graha-Laghava dednets 22: both variations would add to the error in 
longitude. 

The Arab manzil is, in this instance, far rcoved froin the Hindu aster: 
ism, being composed of § Caneri (a) and 4 Leonis (-4), and called at- 
Tarf, “the leok"—i. ¢., ef the Liou, The -event! Chinese stew, Lieu, is, 
as already noticed, included in the Pindu group, beiue Oo [vdrie, 

10. Magha ; or, as plural, maghis ; “uieat: Che petaraus, Fathers, 
or manes of the departed, are the resents of the asterism, whieh is tig- 
ured a8 a house. [t is, according to roost authoriies, composed of tive 
stars, of which the southern (v.28) is the junetion-star, Four of these 
must Le the bright stars in the week and side of the Lion. or 2 7. 4, and 
@ Leonis, of magnitudes 4.5, 2, 3.4, and 1.2) respectively; but which 
should be the fifth is not casy tu determine, fur there is no other single 
star which seems to form naturally « member of the same group with 

these: » (5), 7 (5), org (4) might be fore into a connection with 
them. This difficulty would be removed by adopting, with the Mhanda- 
Kataka, six as the number of stars ineluded in the asterism: it would 
then be composed of all the stars formiug the conspicuous constellation 
funiliarly known as “the Sickle.” The star « Leonis, or Regulus, the 
most. brilliant of the group, is the junction-star, gud its position is défined 
with unusual precision : : 
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: “Maghh .... 1299 of... . 0° 0! 
Regulus . . . . 1299 49’. . . . 0° a7’ NN. 

The tenth manzil, aj-Jabhah, “the forehead”—i. ¢c., of the Lion—is 
also composed of £, 7’, 7, ¢ Leonis. 

The eighth, ninth, and tenth siex of the Chinese system altogether 
disagree in position with the groups marking the Jlindu and Arab man- 
sions, being situated fur to the southward of the ee ‘liptie, in proximity, 
according to Biot, to the equator of the period when they were estab- 
lished. ‘The eighth, Sing, is ¢ Hydrv (2), lasing longitude (A.D. 560) 
127° 16’, latitude 22° 95'S. 

11, 12, Phalguni ; or, ax plural, phalqunyas ; the dual, phalgunydu, 
is also found : this treatise presents {he derivative form phadquai, which 
is not infrequently employed elsewhere. ‘The werd is likewise used to 
designate a xpecies of fig-tree: its derivation, and it, meaning, as applied 
to the astcri-nis, Is unknown to uw. Here, ws in two other instanees, 
later (the 20th and 21st, and the 26th al srih asterisi), we lave 
two proups called by the same qamie, and distiizicsned from ene another 
as pirve and ulleru, “former” ed sdatter™=-thet is to sia, coming ear- 
lier and later to their meridian-transit. | The ioe origina! Ciaracter and 
composition of these three double asteri-ins has been, if we are not mis- 
taken, not a little altered and obscured in the ole ACTION af them far- 
nished to WS; owing, apparen ov, to the ignorance or carelessness of the 
leseribers, sunl espe hall te their wet fiasine mieariy distineuished the 
characteristies of the estuibined: comstelbition. trom these of dts separate 
parts. Tnoeach esse, a couch op beasteal (ead, mance, pornanka) ja: 
viven as the figure of ene or beth of the parts, aud we reevonize 
them all the common characteriee af aoe asteHation of four stars, fortis? a 
Jug tovether arezular oblons fizute, which ieinits of beig represent-” 
ed—nut unsuitably, if rather prosideals — baa bud. This tirure, in 
ease of the Phalgunis, is conipue ed oof Od. 3) and 3 pia ah a very 
distinet and well-marked coustaihuion, comtiiming two stars, 3 aul 3, of 
the second to third magnitude, one, 4, of the third, and one, 93, af the 
fourth, The symbol of a bed. properly beh onegtines to the whole constel- 
Jation, is given by all the authorities to both the two parts into which it 
is divided. Each of these latter has two stars assiened 10 it, and the 
jJunction-stars are sail (v. 1S) te be the uorthern, ‘The first group is, 
then, clearly identitiahle as 0 amd ot Leonis, the former and brighter 
being the distinetive'star : 

Pairva-Phalguni . . . 13g9 58’ 2... rr% rg’ N, 


dOLeons.. 2... - rr. 1. . te 1g’ N, 
S leonis . oe ee 1402 2. ww. 0? fot NN, 


The Sildhinta-C row ete, and the Graha-Laghava, give Parva- 
Phalenni Fespee tive ly: > onl Pomere af polar Jove; ritude than the Surya, 
Siddhanta. ‘These are more notable vartitions then are found in any « 
vther esse, and (hey appear tous to indicate that these treatises intend to 
designate J, the southern member of the POUp, its Its junction-star ; we 
have accordingly added its position also ahove, 

In the latter group, the junction-star is evidently 7 Leonis: 

Uttara-Phalgunt . . . 150? ro’ 2 2, 2 18° SN, 
B Leonis .- . 2... r5t8 Set... rata N, 
LL 4 = 
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_ “This atar, however, is not the northern, but the southern, of the two 
composing the asterism: its description as the southern we cannot but 
rd as simply an error, founded on a misapprehension of the compo-.. 
sition of the double group. To al-Birfini, @ Leonia and another star to 
‘the northward, in the Arab constellation Coma Berenices, were pointed 
out as forming the asterism Uttara-Phalguni. The Cakalya gives it five 
stara, probably adding to 8 Leonis the four small stars in the head of the 
Virgin, £!, *, 7, and 9, of magnitudes four to five and five. 
The regents of Parva and Uttara-Phalguni are Bhaga and Aryaman, 
or Aryaman and Bhaga, two of the Adityas. 

The two corresponding Arab mansions are. called az-Zubrah, “the 
mane"—i. ¢., of the Lion—and as-Sarfah, “the tur”: they agree as 
nearly as possible with the Hindu asterisms, the furmer being composed 
of d and + Leonis, the latter of 7 Leonis alone. ‘Che Chinese siew, named 
respectively Chang and Y, are v! Hydr (5)* and @ Crateris (4). 

138. Hasta, “hand.” Savitar, the sun, is rezent of the asterism, which, 
in accordance with its name, is ured as a hand, and coutaius five stars, 
corresponding to the five fingers. 'Thexe are the five principal stars in 
the constellation Corvus, a well-marked group, which bears, however, 
no very conspicuous resemblance to a hand. The stars are yamed— 
counting from the thuinh around to the little finger, according to our 
apprehension of the figure—-3. «, #, 7, and J Corvi. The text gives be- 
low (v. 17) a very special description of the situation of the junction- 
star in the group, but one which is unfortunately quite hard to under- 
stand and apply: we regard it ae most probable, however (see note to 

i017), that 7 (3) is the star intended: the detined ‘position, in which all 
“the authoritica ayree, would puiut rather to 0 (3): 


Hasta. .... 1742 aay, .. . Ww? OS. 
y Corvi. . . . 1709 47’ 2. . . 147 29'B, 
6 Corvi . . . 2. 273% av? . , . . 129% 10'S, 


Tho Hindu and Chinese svstems return, in this asterism, to an accord- 
ance with one another: the eleventh zea, Chin, ix the star y Corvi. The 
Arab system holds its own independent course oug point farther: ite 
thirteenth mansion comprises the tive bright stam §, 9, 7, 5, & Virginia, 
which form two sides, measuring about '5° each, of a great triangle: 
the mansion is nained al-Auwa’, “the barking doy.” 

14, Citra, “brilliant.” ‘Chis is the beautiful star of the first magni- 
tude @ Virginis, or Spica, constituting an asterizm by itself, aud figured 
as a pearl or asa lamp. Its divinity is T'vashtar, © the shaper, artificer.” 
Its longitude is very erroneously defined by the Sdrya-Siddhanta ; 

Cian . . . . THe? 487. 2... 1? S07 8. 
Spica. . . . 1837? fg’. 2. 2 2% 2S, 

All the other authorities, however, suving the Cakalya, remove this 
error, by giving Citra 183° of pular longitude, instead of 180°. The 
only variation froin the doetinition of latitude made by our text is offered 
by the SiddhAnta-Ciromani, which, varyiug for once from the Brahma- 
Siddhanta, reads 1° 45’ instead of 2°. 


® [t is, apparently, by ao orizinal f the , that M. Biot, in 
cider’ pa kad y so original error o press ae all his 


fed iting Beem, HAS 


. Spica is likewise the fourteenth mansil of the Arabs, styled by them °:: 
‘an Siinh Kk, and the twelfth siew of the Chinese, who call it Kio. 

15. Sedit, or svdti ; the word is said to mean “sword.” The Tiit- 
tirtyé-Brahmana calls the asterism nishtyd, “outcast,” possibly from its 
remote northern situation. It is, like the last, an asterism comprisin 
but a single brilliant star, which is figured as a coral head, gem, or pearl. 
‘In the definition of its latitude all authorities agrce; the Graha-LAghava 
makes its polar longitude 198° only, instead of 199°. The star intended 
is plainly @ Bootis, or Arcturus : 


Svati..... 183° 2’... . 33° 50’ N. 
Arcturus. . . * 184% 12’. . . . 30° 597’ N, 


In this instance, the Hindus have gone far heyond the limits of the 
zodiac, in order to bring into their series of asterisms a brilliant star 
from the northern heavens: the other two systems agree in remainmg 
near the ecliptic. The fourtecnth Chinese siev, Kang, is * Virginis 
(4.5): the Arab manzil, al-Ghatr, “the covering,” inclides the came 
star, together with ¢, and either 4 or » Virginis, 

16. Vigékhd, “ having spreading branches”: in all the earlier lists the 
name appears a8 a dual, vicdkhe. ‘Tlic asterism is also placed under the 
regency.of a dual divinity, indrdqni, Indra and Agni. We should ex- 
pect, then, to find it composed, like the other two dual aaterisms, the 1st 
and ‘th, of two stars, nearly equal in brillianey, and {wo is actually the 
number assigned to the group by the Cakalya and the Nhanda-Kataka, 
Now the only two stars in this rezion of the zodiac torming a cowspicue | 
ous pair are @ and ? Libge, both of the second magnitude, and as thesaeé: 
two compose the iceaalling Arab mansion, while the former of thea’ . 
18 the Chinese sev, we have the strongest reasons for supposing them to ° 
constitute the Hindu asterism also, There are, leewever, difficulties 14 - 
the way of this assumption. The later authorities give Vigdkha four 
stars, and the defined position of the junetion-star identifies it neither 
wita @ nor @, but with the faint star «¢ (4.3) in the the same constellar 
tion. Colebrooke, overlooking this star, suggests @ or x Libre (5): the 
following comparison of positions will show that neither of them can be 
the one meant. tu be pointed out: 





Vieikha . . 213° Jr’. ww . 19 29'S, 
e Libra .. avi? wo? ws 9 48'S, 
a Libre . . 203° 5’... « O° 23’ N, 
x Librw . ary? 45%... . oF aN, 


The group is figured as a torana: this word Jones and Colebrooke 
translate “ festoun,” but its more proper meaning 1s “an outer door or 
gate, a decorated gateway,’ And if we change the desi~nation of situ- 
ation of the junction-star in its group, given belo - (v. 16), from “ north. 
ern” to “southern, we find without ditliculty a quadrangle of stars, vis. 
s, a, B, ¥ (4.5) Libre, which admits very well of being fignred as 9 gate- 
way. Nor is it, in our opinion, taking an unwartantable liberty to make 
such sn alteration. The whole scheme of desiguations we as 
‘of inferior authenticity, and as a of the confusion uncer- 

tainty of the later knowledge of the Hindus re pa their rar of 
sstcrisma, Thnt they were long ago doubtful of the position of Vicdkba 


S| (or Sirya-Siddhagii [viii. 0, 


is shawn by the fact that al-Birfmi was obliged to mark it in his list as 
“anknown.” Very probably the Sirya-Siddhanta, in calling + the north- 
ern member of the group, intended to melnde with it only the star 20 
Libre (3.4), situated about 6° to the south of it. Upon the whole, then, 

while we regard the identification of Vighkhaé as in some respecta more 
doubtful than that of any other asterism in the series, we yet believe 
that it was onginally composed of the two stars @ and 2 Libra, and that 
later the group was extended to include also ¢and 7, and, as so extended, 
was figured as a gateway. The selection, contrary to general usage, of 
the faintest star in the group as its Juuetion-star, nay have been made 
in order tu Insure against the reversion of the asterism to its original 
dual forin. 

The variations of the other authorities from the position as stated in 
our text are of small importance: the Siddhanta-Ciromani ete. give 
Vieikhit $57 Jess of polar longitude, and the Graha-Lighava 1° less; of 
polar latitude, the Siddhanta-Ciromani gives it 10°, the CGrala-Lachava 
30’ less; the Khanda-Nataka agrees here, ax also in the two following 
asterisms, with the Sarya-Siddhianta. 

The sixteenth Arab manzd/, conprising, as already noticed, @ and 8 
Libriv, is styled az-Zubanin, “the two eclaws"— i. e., of the Seorpion : 
the name of the corresponding Chinese muamnsion, having fur its deter- 
minative @ Libre, is Ti. 

Li. Aruridhi : orcas plural. anmeddhis: the word means “suecess.” 
The diyinity is Mitra, “triend.” one of the Adityas. According to the 
Cakalya, the asterism is eompesed of three stars, and with this onr text 

siplainly agrees, by designating (v.18) the midgle as the junction-star: 
all the other authorities cive if four stars, Aga croup of three, it com- 
prises f, 0. 7 Seorpionis, 9 (2.3) being the junetion-star yas the fourth 
fMember we are donhtless to add g Searpionis (4.4). It is figured asa 
; Or vals : this Colebrooke transite. “2 row of oblations + we do 
not find, however, that the word. althoueh it  mensns both © oblation, 
offering,” and “a row, fold, ridge.” is used to designate the two com- 
bined: perhaps it may better he taken as simply “a rews” the stars 
of the asteriam, whether considered) as three or iour, being disposed in 
nearly a straight. line. The comparison of positions is as follows: 


Anuradhd 2... 2997? 47 2. 2 22 Sal S, 
OScorpionin . 2. 227K 2 2. 19 oN, 

The Siddhanta-Ciromani and Giiaha-Laghava estimate the latitude of 
Anuradha somewhat more accurately, deducting trom the polar latitude, 
as given by our text, 1? 15% sad 1° respeetively : the Siddhanta-Ciroman 
ete, alxo add the insignificant amount of 3! to the polar longitude of the 
Stirya-Sildhanta. 

The corresponding Arab manzil, named al-Iklil, “the crown,” con- 
taina alno the three stars 8, 0, 2 Scorpionis, some authorities adding ¢ to 
fhe group. The Chinese seex, Fany, is 7 (3), the southernmost and the 
faintest of the thirec. 

18, Jyeshthé, “oldest.” The Taittiriya-Sanhith, in its list of aster- 
iamp, Tepeats here the name rohini, “ rnddy,” which we have had above 

_ as that of tho 4th asterisin: the appellation has the same ground in this 
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as in the other case, the junction-star of Jyeshtha being also one of those 
which shine with a reddish light. The regent is Indra, the god of the 
clear sky. The group contains, according to all the authorities, three 
stars, and the central one (v. 18) is the junction-star. This is the bril- 
liant star of the first nagnitude @ Scorpionis, or Antares; its two com- 
panions are o (3.4) and t (3.4) in the ~~ ; 


Jyeshthi . . . . 2309 7’? . 1. . 3° 50’ 8, 
Antures . . . . 229° 44’. . . . 4° 318. 


The constellation is figured as a riny, or car-ring; by this may be un- 
derstoor, perhaps, a pendent ear-jewel, as the three stars of Jyeshthé 
form nearly a straight line, with the brizhtest in the middle. 

The Siddhanta-Ciromani and Graha-Laghava add to the polar longi- 
tude of the junction-star of the asterisin, as stated in our text, 5! and 1° 
respectively, and they deduct from its polar latitude 30° and 1° respeet- 
ively, making the definition of its position in both respects less accurate. 

Antares forms the eighteenth manzil, and is styled al-Kalb, “the 
heart"—i. ¢,, of the Seorpion : a and care called an-Nivat. “the pre- 
cordia.” The Chinese sient, Sin, is the westernmost of the three, oro, 

19. Mla, * root.” The presiding divinity of the asterism is rirrti, 
“calamity.” who is also regent of the seuth-western quarter. Tt coim- 
prises, according to the Cakalye, nine stars; their configuration is rep- 
resented by a lion's tail, ‘The stars intended are those in the tail of the 
Scorpion, or ry fy 4. 406 4% 8, & Seorpionis, all of them of the third, 
or third te fourth, marnitude, Other authorities count eleven stars in 
the group, probably reekouing 4 and 3 as four stars ; cach being, in fact, 
a group of two closely approxinimte stars, uame } in: our catalogues ws} 
(3), 2? (4), 24 (4.5). 25 (8). The Nhanda-Nataka alone gives Mala only 
two star, whieh are identified by ai-birim with the Arab manzil ashi 
Shaulah, or 4 and « Seorpionis, ‘The Tuittiriva-Sanhita, too, gives the, 
mame of the asterism as eccrtdaa, “the two rel@pers: the Vicrt&u. ara 
several times spoken of in the Atharva-Veda as twe stars of which the 
rising promotes relief from lingering disease (Ashetriya) 2 it is accord- 
ingly probable that these are the twe stars in the sting of the Scorpion, 
and that they alone have been regarded by sume as composing the aster- 
ism: their healine virtue would doubtless be eonneeted with the meteor- 
ological conditions of the time at which their heliacal rising takes place. 
Our text (v.19) designates the eastern member of the group as its June- 
tion-star: itis aneertata whether the direction Js meant to apply te the 
group of tio, or to that of nine stars: if, as seems probable, 4 is the 
star pointed out by the definition of position, it is strietly true only of 
the pair 4 and v, since ¢, 2, and & are all farther eastward than 4; 


Mila. ..... 2.f29 5a"... . 68° 48'S. 
a Scorpioniy . . . 244953"... . 13° 44'S, 


The Graha-Lighava gives a more accurate statement of the longitude, 
addin 1° tu the polar longitude as defined by all the other quthorities : 
but it inereases the error in Ixtitude, by deducting 1° from that presented 
by our text: the Siddhinta-Ciromani, in like manner, deducts 30’, while 
the Khanda-Nataka adds the same amount. 


YR OE “SiryesSiatndita,” = 


“shite Thittirlya-Sanhitd makes pitaras, the Fathera, the presiding divin= 
" Hties of this astcrism, as well as of the tenth. “ako ™ 
'’ Bentley states (Hind. Astr., p. 5) that Mala was originally reckoned aa 
* the first of the asterisms, and was therefore so named, as being their root 
- oF origin; also that, at another time, or in a different system, the series 
was made to begin with JygmbthA, which thence received its title of 
“eldest.” These statement#*are put forth with characteristic reckless- 
ness, and apparently, like a great many others in his pretended history 
- of Hindu astronomy, upon the unsupported authority of his own conjec- . 
~ ture. It is, in many cases, by no means casy to discover reasons for the 
particular appellations by which the asterisms are designated: but we 
would suggest that Mala may perhaps have been so named from its be- 
ing considerably the lowest, or farthest to the southward, of the whole 
series of asterisms, and hence capable of being looked upon as the root 
out of which they had grown up the heavens. [t would even be possi- 
ble to trace the same conception farther, and to regard Jyeshthd as so 
tk because it was the first, or “oldest,” outgrowth from this root, 
while the Vicakhe, “the two diverging branches,” were the stars in 
which the scries broke into two lines, the one proceeding, northward, to 
SvAti or Arcturus, the other westward, to Citra or Spica. We throw 
out the conjecture for wlint it may be worth, not being ourselves at all 
confident of its accordance with the truth. 

The nineteenth Arab manzil is styled ash-Shaulah, “the sting"—i. e,, 
of the Scorpion—and comprises, as already notieed, » and 4 Seorpionis. 
‘The determmative of the seventeenth siex, Uei, isinclauded in the Hindu 

\ asterism, being “4? Scorpionis. 
: 20,21. Ashédha; or, as plural, ashadhds ; this treatise presents the 
meetative form dshadhdé, which is not infrequent elsewhere: the word 
ieee “ansubdued.” Here, again, we have a double group, divided 
Reeeewo Bsterisms, which are listinguished as purva and uttara, “ former 
“ giFiatter." Their reaglbt divinities are dpas, “the waters,” and vigve 
' devds, “the collective gods.” Two stars are ordinarily allotted to cach 
asterism, and in cach case the northern is designated (v. 16) as the junc- 
tion-star. By some authorities each group is ficured as a bed or couch; 
by others, the one as a bed and the other as an clephant’s tusk; and 
here, again, there is a difference of opinien as to which is the bed and 
which the tusk. The true solution of this ccnfusion is, as we conceive, 
that the two asterizma taken together are figured as a bed, while either 
of them alone is represented by an elephant's tusk. The former group 
must comprise 0 (3.4) and € (3.2) Sagittarii, the former being the june- 
, tion-star; this is shown by the following comparison of positions : 


Parva-AshidhA ... . 2549 39’. . . . 5° 28’6, 
6Sayittarii. ..... 254° 32’. . . . 69 25'S. 


_ The Graha-Laghava gives Pirva-Ashadhaé 1° more of polar longitude, 
. “atid 80’ leas of polar latitude, than the Sirya-SiddhAnta: the SiddhAnta- 
~ Gitomani etc. give it 10’ lesa of the latter. 
_ + The latter of the two groups contains, as its southern star, ¢ Sagittarii 
. eta day its northern and junction-star can be no other than o (2.3) in 
;fhe'qame constellation, notwithstanding the crror in the Hindu dotermi- 


va 







“nation of ite latitude, which led Colebrooke to régufd + -(4.8) as the 
_ star intended : we subjoin the positions : ce | 
Uttara-Ashidha . .. . 260923’... . 4° 59/8. 
oSagittarii...... 2629 ar’ . . . . 3° 248. 
#Sagittarli. ..... 264° 48"... . 5° 1/9, 


The only variation froin the position of the junction-star of this aster- 
ism as stated in our text is presented by the Graha-Laghava, which 
makes ita polar longitude 261° instead of 260°. , 

The Cakalya (according to Colebrooke: our MS. is defective at this 
point) and the Khanda-Kataka assign four stars to each of the AshAdhfs, 
and the former represents each as a bed. It would not be difficult to 
establish two four-sided figures in this region of the constellation Sagit- 
tarius, each including the stars abuve mentioned, with two others: the 
one would be composed of 7? (4.3), 4, ¢, 7 (4—thi star is also called 8 
Telescopii), the other of » (4.3). 9, t, and >: such is unquestionably the 
constitution of the two asterism, considered as groups of four stars; | 
they are thus identified also, it may be remarked, by al-Birini. The 
junction-stars would still be O and 9, which are the northernmost in their 
respective constellations; nor is there any «ucztion as to which fout 
among the eight are selected to make up the double asterism, since 0, @, 
¢, and o both form the most regular quadrangular figure, and are the 
brightest stars. 

The determinatives of the cighteenth and nineteenth mansions of the 
Chinese, Ki and ‘Ten, are 7? aud g Sayittarii, which are included in the 
two quadruple groups as stated above. The twentieth manzid compre- 
hends all the cight stars which we have mentioued, and is styled an- 
Na’Aim, “the pusturing cattle’: sume alse understand cach groups 
four as representing an vstrich, naam, ‘The twenty-first mang 
other hand, al-Baldah, “the town.” is described as a vacant spagi wee: 
the head of Sagittarius, bounded by faint stars, among which the mage! 
conspicuous is 7 S:yrittarii (4.5). 

22, Abhyit, * conquering.” The regent of the asterism is Brahma, 
The position assiyned tu its junction-star, which is desembed as the 
brightest (v.19) ina group of three, identifies it with a Lyne, or. Vega, 
a star which is exceeded in brillianey by only one or two others in the 
heavens : 











Abhijit... . 2649 10’ . . . . 59° 58°N, 
Vega ... . 2659 15’! 2... . 61° 46° N. 

The other authorities compared (excepting the Cakalya) define the 
osition in latitude of Abhijit more accurately, adding 2° to the polar 
atitude given by the Sdrya-Siddhanta: the Giral.s-Laghava also improves 

the position in longitude by adding 1° 2u’, while tc Siddhanta-Ciromani 
ete. increase the errur by deducting 1° -40’. 

The Taittiriya-Sanhita (iv. 4. 10) omits Abhijit ‘rom its list of the as- 
terisms ; the probable reason of its omission in some authorities, or -in 
rela connections, and ita retention in others, wo aball discuss far- 

er on, 

‘; Abhijit is figured as a triangle, or as the triangular nut of the srngdia, 
“an aquatic plant; this very distinctly represents the grouping of « Lyre 
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‘with the two other fainter stars of the same constellation, # and ¢, both 
of the fifth magnitude. 
, Ln this and the two following asterisms—as once before, in the fifteenth 

"of the serics—the Hindus have gone far from the zodiac, in order to 
bring into their system brilliant stars from the northern heavens, while 
the Chinese and the Arab systems agree in remaining in the immediate 
neighborhood of the ecliptic, The twentieth stew is named Nieu, and 
is the star 8 Capricorni (8), situated in the head of the Goat: the twen- 
ty-second manzil, Sad adh-lhabih, “felicity of the sacrificer,” contains 
the same star, the group being a (composed of two stars, exch of mag- 
nitude 3.4) and #8 Capricorui. 

23. Cravana, “hearme, ear"; from the rvot cru, “hear”: another 
name for the asterism, crond, found occurring in the Taittiriya lista, is 
perhaps from the same reot, but the word means also “lame.” Cravana 
comprises three stars, of which the middle one (vy. 18) is the janetion- 
star: they are to be found in the back and neck of the Eagle, namely 
as y,a@,and ? Aquila; «, the determinative. is a star of the first tu sec- 
ond magnitude, while 7 and 3 are of the third and fourth respectively: 


Cravana. . 2. vhv@ ay’ 2... ay? Sa N, 
aAguilu .. . abit qi’. 1... agra’ N, 







All the authorities avree as to the polar latitude of Cravana: the 
SiddhAnta-Ciromani ete. vive it 2° Jess of polar longitude than our trea- 
tise, and the Graha-Laghava even as much as 4° les. 

The regent of the asteris nis Vishny, aud its fizure or svinbol corres- 
pond therewith, being three footsteps, representatives of the three steps 
-Dy which Vishnu is said, in the carly Hindn miavtheloey, to have strode 
through hyuven. The Cakalya, however, vives a trident as the figure 
wemencing to Cravana. Possibly the same isto be regarded as indica- 
Meee that it was originally figured as an ear, 

Phe Chinese siew curresponding in rank with Cravana is. called Ni, 
and is the fait star é Aquarti (4%). ‘The Arab saeezid Sad Bula, 
“folicity of u devourer,” or al-Duli’y © the devourer” cle, includes the 
sane star, bein: composed of eae (Lek (oi Aut, or, accorling to 
others,.of € and 7 (6) Aquariicor of aad 

24. Gravishthi ; the word is a superluive formation trom the same 
root from which came the name of the preceeding asterism, und means, 
probably, “must famuus.” Another and hardly less frequent appellas 
tion is dhanishi hd, an irregular superlative trom dann, “ wealthy.” The 
class of deities kuown as the vases, “bright, good,” are the regents of 
the asterism. = [t comprises four stars, or, according to the Cakalya and 
Khanda-Kataka, five: the former, which is given by su early a list as 
that of the Taittiriya-Bralimana, is doubtless the original number. The 

roup is the conspienous one in the hewl of the Dolphin, eonsposed of 

re z, a,7,9 Delphini, all of them stars of the third, or third to fourth, mag- 

initudg, und closely disposed in diamond or lozenge-furm: they are tig- 

“ ured by the Hindus as a drum or tabor. The junction-star, which is the 

western (vy. 17), is 3: 
aaiee Cravishtht . . . . 296° 5’... . 35° 33'S, 
“= B Delphini . . . . 296% rp’ . . . . 319 57’ 8. 
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. The only variation from the position assigiied in onr text to the‘jime- 
tion-star of Cravishtha is presented by the Giraha-Laghava, which gives 
“it 296°, instead of 290°, of polar longitude. Perhaps its intention 1s.to 
point out ¢ (5) as the junction-star: this is doubtless the ong ind : 
the other four, on account of its close proximity to them, to rilake tp the 
up of five; it lies only about half a degree westward from 6. 
The name of the twenty-fourth manzéd, Sa'd as-Sn’id, “felicity of 
icities” —i. c., “ most felicitous’—exhibits an accordance with that of 
Hindu asterism whieh possibly is not accidental. The two are, how- 
- ever, as already noticed, far removed in position from one another, the 
_ Arab mansion being composed of the two stars 3 (3) and § (5.4), in the: 
left shoulder of Aquarius, to which some add also 46, or ¢1, Capricorni 
(8). The corresponding sien, iit, is the first of them, er 3 Aquarii, — 
25. Catubhisha;, “having a hundred plry-icians”: the form gatabhishd, ° 
which scems tu be mereiy acorzuption of the ocier, also occurs in later 
Writings. Tt is, as ve should expec: fieeu the tie, said to be composed 
of a hundred stars, of whieh the briciie-n (4.179) is the junction-star. 
This, from its dufined posiion, esa ene bea Sepa (4): 


Catavhishay . 00. 2 Te 
% Aquavib. 2. 6 aE? OO" “ear eG Sa 
The rest of the astevisr: is to be scwerht ames the-vet fainter stars in 
the knee of Aquarius, an} tbe tren fram dais fer ov course, the naii- 


ber one bundred is Mee bp a ES as Ap ete h One her eure Wa to sup- 
pose it possitie to tress act Veaoraty alsGinedaess ihe figure assigned 


to the group, Weel bomen Pia vbumi: Sataka, according to al- 
Birani, vives Cinablisbhe) eriy aciugis star cat ubis is probably an error: 
of the Arab traveilers feds dase qa nount em whieh of the atars i 
Aquarius js te be regarde tus constiiiiing the aetertsmn, _ 

Che regent of the Zirh esverista. aeeer’ me ta nearly all the authe 
ties, is Varuna, (he chief of Vie Adiivas, tout later the cod of the waters: 
the Taittiriviesanhita alune oives te it ard te the 14ih asteriem. as well 
aa to the 18th, lidma as prestiiee aiiuiive this is perkaps mere blun- 
dering. 

The Graha-Laghava places the junetion-star of Cidabhishaj precisely 
on the ecliptic: the Siddhainte-Giromant ets. vive it 20’) instead of 30’, 
of polar latitude south. 
he corresponding Innar riaansion of the Arabs, Sa'd al-Akhbiyah, 

“the felicity of tents” comprises the three stars in the right wriat add! 
hand of the Water-bearer, or 7 (8), 3 (1), 4 (4) Aquarii, together with & 
fourth, which Ideler BUpPTases to ben (). Sines, however, the twenty-. 
third Chinese determinative, ioci, is « Aguarii (2), 4 st 80 near asiz 
readily to be brought inte the sune group with tl) 2 other three, we ate 
inclined to regard it as altogether probable that the mansion was, at 
least originally, composed of «, 7, & and 4. yo 

26, 37. Bhddrapada ; as plural, bhddrapudita: also bhadrapadé ; from — 
' bhadgg, * beautilul, happy.” and pada, “foot.” Another frequent appel- 
',. lation is proshthapudd: proskthe is said to mean “ carp” and “ox: the 
: latter signification might perhups apply bere. We have here, once more, 

' a double asterism, divided into two parta, which are distinguished from 







one another as pérve and wifara, “ er” and “latter.” All authori = 
ties ‘agree in assigning two stars to éach of the two gronps; but there ts - 
not the same accordance as regards the figures by which they are rep-. 
pesented: by some the one, by others the other, is called a couch or bed, | 
hia alteraste one, in either case, being pronounced a bi-faced figure: the 

_ Muharta-Cintdmani calls the first a bed, and the second twins. It ad- 

' mits, we gpprehend, of little or no question that the Bh&drapadds are 
properly the four bright stars 7, o, 7 Pegasi, and « Andromede—all.9 
them commonly reckoned as of the second magnitude—which fditn 
together a nearly perfect square, with sides measuring about 15°: the / 
constellation, a very conspicuous one, is familiarly known as the “Square - 
of Pegasus.” The figure of a couch or bed, then, belongs, as in the 
ease of the other two double asterisins, alrealy explained, to’ the whole 
constellation, and not to cither of the twe separate asterisms into which 
it is divided, while, on the other hand, cither of these latter is properly 
ecough symbolized by a pair of twins, or by a figure with a double 
face. The appropriatences of the designation “ feet,” found as a part of 
both the names of the whole eoustellation. is alse sufficiently evident, if 
we regard the group as thus compose). The junction-star of the former 
half-asterism is, by its defined po-ition, clearly shown to be « Pegasi: 


Perva-bhidrapadd . . . . 334? a5! . 1). 229 30 N, 
@Pemusi. 2. ee 2 ee ee a QP a Ne 





“The Graha-Laghavs sives the juuetion--tar 1° less of polar longitude, 

S which would bring its position to a yet closer aeeordaace, in respect to 
longitude, with « Pegasi: the error in latitude, which is common to all 

asthe anthoritics, ix not greater Uian we have met with several times else- 

<aebere. But we are told below (v.16) that the principal star of each of 

G@eMesc asterisms is the northern, aud this would exclude # Perasi alto- 

Father, bringing in as the other member of the first pair some more 
‘pouthern star, peruaps ¢ Powasi (gd The confusion is net less marked, 
although of another character, in the caer of the second asterism: in 
the detinition of position of is juuetion-star we tind a longitude given 
which is that of one member of the wroup, aud a latitude which is that 
of the other, as is shown by the flowing ecanparison : 


Uttara-Bliadrapadé . , . 347% to... . 2969 0 N, 


y Pegusi 2 ww 1 ww. Bay? BFL... 99 35) NL 
ao Andromedu ...... 35f$7 19’... . 2999 Ai! N, e 


If we accept either of these two stars as the one of which the posi- ‘ 
tion is meant to be defined, we shall be obliged to admit an error in tha 
determination cither of its longitude or of its latitude considerably 
pate than we have net with elsewhere. Nor is the matter mended 

y any of the other authorities: the only variation from the data of our 
text is presented by the Graha-Lighava, which reads, as the polar Jati- 
“tude of Uttara-Bhadrapada, 27° instead of 26°. There can be no 
: doubt that the two atars recoynized as composing the asterism are y Pe- 
 gasit and « Andromedw, but there has evidently been a blundering con- 
_Ausion of the two in making out the definition of position of the junc- 
“Yop. tar. We would suggest the following as a possible explanation of 
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' this confusion : that originally a and 7 Pegasi were designated and: de- 

. scribed ‘aa jutiction-stars of the two half-croups, of which they wero 

ctively the southern members; that afterward, for some reason— 

' perhaps owing to the astrological theory (see above, vii. 21) of the supe= 
‘tiority of a northern star—the rank of junction-star was sought to be: 
transferred from the southern to the northern stars of both asterisms! - 
that, in‘ making the transfer, the original constitution of the former 

up was neglected, while in the latter the attempt was made to define 
the real position of the northern star, but by simply adding to the polar 
latitude already stated for 7 Pexasi, without altering its polar longitude 
also. Al-Birdini, it should be remarked, was unable to obtain from his 
Hindu informants any satisfactory identification of either of these aster- 
isms, and marks both tn his catalogne as “ nnknewn.” 

The view we have taken of the true character of the two Bhadrapa- 
das is powerfully supported by their comparison with the corresponding 
memhers of the other two systems. ‘The twenty-sisth and twenty- 
seventh manzi/s, al-Farel al-Mukdiin and al- Farah al-Mukhir, “the fore 
and hind spouts of the water-jar”” comprise respectively «and 2? Pecasi, 
and 7 Pegasi and @ Andromede; the deterninatives of the twenty- 
fourth and twenty-fifth sree, Che and Pi, are @ and 7 Pevasi. . 

The regents of the-e two asterisms are aja chupet and aki buelhnya, 
the “one-tuoted goat” and the “ bottum-snake.” two ma thieal tigures, of 
obscure significance. from the Vedie pantheon. 

28. Rerali, “wealthy, abundant.” [ts presiding divinity is Pashan, 
“the prosperer, one of tie Adityas. Tt is saci ot contain thirty-two 
stars, which are figured. dike these of Craistitha. toa drain ar tabor 3 
but it would be in vain to attempt te poiut ait precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance, 
.to the figure chosen to represent it. The junetion-star of the group ie, 
said (v.18) to be its southernmost member: all authorities agree ‘Hp: ¢ 

lacing it upon the celiptie, cued all cxeepting our treatise and the 
kalya make its position exactly mark the initial point of the fixed 
sidereal sphere. ‘The star intended iss we have sirendy often had 
occasion to notice, the-faint star 2 Viseiaim, of abont the fifth magnitude, 
situated in the band which conncets the two Fishes, [t is indeed very 
near to the ecliptic, having only 13’ of south latitude. It coincided in 
longitude with the vernal equines in the year 572 of our era. 

At the time of al-Birtinrs visit to tndia, the [lindus seem te have 
been already unable to point out. distinetly and with confidence the sit- 
uation in the heavens of that: most important point from which they . 
held that the motiuns of the planets commenced it the creation, and at 
which, at successive intervals, their universal conjunction weld again 
take place; for he is oblized to mark the asterism . + not certainly iden 
tiflable. He also assigns to it, as to Vatabhishaj, only a single star. 

The twenty-sixth Chinese siew, Koci, is marked by § Andromedge (4), _- 
Which is situated only 35’ east in longitude from ¢ Piscium, but which 
has 17° 8g’ of north latitude. The last manzil, Batn al-Hat, “the fish’s 

_ belly,” or ar-Risha, “the band,” seems intended to include the stars com- 
posing the northern Fish, and with them probably the Chinese deter- 
minative also; but it is extended so far northward as totake in the bright 
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star 2 Andromedm (2), and to this star alone the name of the mansion - 
- Is sometimes applied, although its situation, so far from the ecliptic (in 
. lat. 25° 56’ N.), renders it by no means suited to become the distinct.ve 
star of one of the series of lunar stations. 
-. We present, in the annexed table, a general conspectus of the corres- 
pondences of the three systems; and, in order to bring out these corres 
ondences in the fullest manner possible, we have made the comparison 
In three dierent ways: noting, in the direst pluie, the enees in which the 
three agree with one another; then those in which each agrees with one 
of the others: and finaity. those in whieh each agrees with either the 
one or the other of the remaining two, 


Correspondences of the Tindu, elrab, aad Chcnese Systema of Asterisma, 
popes : 


| Hindu ae Hon Hance Aah pita | aa : ae | 
vo! Nnie: A, tts with with wats Arals | Dindu Hindu 
“Clhinen’. Nie) hing se, ACMAne Ae Piniece China | Avub. 

1 Acvini, 14 I l l ( rot of 
2° Bharani, 1 of * 2 ws ? ae 2 
3: Kritika, i 3 2 3 3 3: 3 
4 Rohini, i ‘4 4 4 A aoe«6f€«”S 
; Mrzayirsha, = [| 9 ‘ 7 " 4 4 1 4 
Ardri, =e a 4 1 .1 ws 
7: Ponarvasu, - oe tm és F bh t G 4 4 
3. Pushya, &, tit = ‘5 5 -: 7 1, 6 
9; Avlesh, ede e - bs Row. fog 
1oPMarhi, Bae wo, : y | Bi a: te 

rr: P-Vhaleuni, ' -- y es S9 m Ff gots, | 
“faz U.Phaleuni, oo: -. ae fa es ee ee ae 
13 insta, tos 7 b _- Ia | oe : 8 
. 24, Citra, PN oe yo ot oot mm, g 
15 Svati, ar tee. +8 ; = -. § Tt . 40 
16- Vigi kha, SB 1 I: 5 ni toad oat 
nm Anuradha, ig "4 II G ™ fF vapor 49 
18. Jveshtha, toda 14 rm I Er er 
19: Mila, i ogy 1" ri ee eee Le ong 
90° P.-Ashadha, * 1a 1 ry | 1% | 17 15 
lon U-Ashadha, is yy |. 16 
loa : Abhij.t, os. 4 ows a 14 alg YS 
23) Cravana, as =2 ed 13 | ay 18 
24 | Cravishths, ss bho. te, OH 1.4 L 9 19 
a5 Catnhi-uaj, oo: -. ee at a) ee 17) 
26 P-Bhfdrapada, i3 ‘= Lp me 8D | 22 : a 
27° U.-Bhadrapadi, 14 1h 17 iz 27 3} 062300C oan 

128 Revati, i seus Se uke sy ASS | 243 . a33 


* This supposes the second mani] to be compo-ed of the stars in Musen, as 
defined by some authorities, f¢ ‘She sixth mgnzil includes, according to man 
authorities, the fifth sev, but as there is, at anv rate, a discordance in the order of 
y succession, we have not reckoned this among the correspondences. J Wo reckon 
" these two as cases of general comeidenee, because, although the Chinese sicu ia not 
_ contained in the Arab mansion, the Hindu asterism includes them both, and the 

' virtual correspondence of the three «ystems is beyond dispute. § Were we assume 
"fe Chinese siex to be comprised amung the stars forming the last manzil, which is 
altogether probable, although nowhere distinctly stated. 

a 
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Owing to the different constitution of the systems, their correspond- 
ences are somewhat diverse in character: we account the Hindu aster- ° 
isms aud the Aral mansions to avree, when the groups which mark the 
two are composed, in whole or in part, of the sume stars: we account 
the Chinese system to agrce with the others, when the determinative of 
a sieu is to be found among the stars composing their groups. We 
have prefixed to the whole the nambers and titles of the Hindu aster- 
_isma, for the sake of casy reference back to the preceding detailed iden- 
tifications and eonparisuns, 

After this exhibition of the eoncordanees existiny among the three 
systems, it can, we apprehend, enter into the mind of no one to doubt 
that all have a common origin, and are but dierent forms of one and 
the same system. The questions nest. arise—is either of the three the 
original from whieh the cihers have been derived 4 and if so, which of. 
them js entited to (he honor of being so regarded 4 and are the other 
two independent and direct derivatives from ior docs either of them 
come from the other or must hod acknowledge an intermediate source ? 
Th endeavoring to answer these qiestions. we will tiest exhibit the views 
of M. Giot respecting the orpein and echarneter ef the Chinese 427, as 
stated in the volumes for Us faned Lsoteof the Journal dea Savants. 

According to Biot, the siew form4in organie and intecral part of that 
evstem by which the Chinese, from an ahnest: immemorial antiquity, 
have been accustomed toamase their carePr] aid industrious observations 
of celescal phenomens,  ‘hheir ietemaents, ard tneir methods of ob- 
servirtion, dave been eloseny nd esos with those in tse among modem 
astronomers in the Weert they have empieved ameridian-cirele and a 
Weare of the. the elopsvdras amd ae observed meridian-transits, ob- 
taining right aeeensions aed deedndtions of the lnvlies observed. To 7 
reduce the errers of their imperttet Gime-keepers, they lone ago selected *: 
certain stars pear the cauator of which they determiued with great qare” 
the intervals in time, and to these Choy referred the positions of stars Or. 
planets comity fo Che terican beween them” The stars thus chosen 
are the sie, Teenty-iour of them were fived wpen mare than two 
thousand vears before our ern (M. Biot says, about BoC) 25572 bat it is 
obviously impossible to tiv the date, by internal evidenee, within & een- 
tury or two, nor ts the exviernal evideuse of a more detinite character) ; 
the cousileraious which voverned their selection were three? proximity 
to the equater of that period, distinet visibility—conspicuons brilliancy 
not being demanded for them — aud near agreeinent mm respert to time 
of transit. with the upper and tower meri dian-pos-azes of the bright stars 
ner the pole, within the eireie of perpesual apparition: M. Biot finds 
reason to believe that these cireumpout stars aad been earlier observed 
with special care, and made standards of con carison, and that, when 
it was alterward seen to be desirable to have stitions near the equator, 
such stars were adapted as Inost nearly avreed W ith them in right ascen- 
sion. The other four. bein the 8th, llth, 21st, and 28th, the accession 
of which enmpleted the sysiem of twenty-cight, were added in the time 
of Cheu-Kong, abont 5.U. 1100, because they marked very nearly the 
. positions of the equinoxes and solstices at that epoch: the bright star of, 
the Pleiades, however, which had originally been made the first of the . 
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. series; from its near approach to the vernal equinox of that remoter era, 

, Hl maintained, as it has ever since maintained, its rank as the first. 
Binico the time of Cheu-Kong the system has undergone no farther modi- 
fitation, but has been preserved unaltered and unimproved, with the 
obstinate persistency so characteristic of the Chinese, although many of 
. the deterwinative stars have, under the influence of the preceasion, be- 
come far removed from the ejuator, one of thera even having retro- 
graded into the preceding mansion. 

If the history of the Chinese stew, as thus drawn out, is well-founded 
and true, the question of origin is already solved: the systcin of twenty- 
eight celestial mansions is proved to be of native Chinese institution— 
just as the system of representation of the planetary movements by epi- 
cycles is proved to be Greek by the faet that we can trace in tho history 
of Greek science the successive steps of its gradual elaboration. That 
history rests, at. present, upon the anthority of M. Biot alone: we are 
not aware, at least. that any other investivator has gone independently 
over the same crevid; and he has not himself laid before us. in their 
original form, the passages from Chinese texts which furnish the basis 
of his conclusions, Kut we reeard them as entitled to be reccived, 
upon his authority, with no slisht 2. of confidence: his own dis- 
tinguished eminence as a physicist ahd astronomer, bis familiarity with 
researches into the histery and arehiolegy —— scienee, his access to the 
abundant material fer the his ors Chine astronomy collected and 
worked up by the French mis ionaries ft ‘chin, and the zealous assist- 
ance of is M. Edousrd | the eminent Sinclogist, whose prema- 
ture death, in 1854, lias been sy deeply deplored asa severe luss to Chi- 
nese studies—al] these advantages, rarely imited in such fullness in the 
“person of anv one student of sneha sub et, give Very great weight to 

“views arrived at by inas the results of Jaborious and loug-vontinued 
investigation. Neruo we see that any eeneral considerations of import- 
ance can be brought forward in apposition to those views. It is, in the 
first place, by no means Inconsistent with what we know in other res- 
pects of the age aud character of tie culture of the Chinese, that they 
should have devised such a svstuin at so carly a date, They have, from 
the beginning, been as much distinguished by a tendency to observe and 
record as the Hindus by the lack of such a tendency: they have always 
attached extreme importanre to astronanien) labors, and to the construe- 
tion and rectification of the calendar; and the industry and accuracy 
of their observations is attested bv the use made of them by modern 
astrovomers—thius, to take a single justanee, of the cometary orbits 
which have been calculated, the first’ twenty-five rest. upon Chinese ob- 
servations alone: and once wort, it is altogether in accordance with the 
clever empiricism and practical shrewdness of the Ciinese character that 
they should have originated at the very start a system of observation 
p -a well adapted to Its purpose, stopping with that, working in- 
*dostriouxly on thenceforth in the same beaten track, and never develop- 

‘ing out of so promising a commencement anything deserving the uame 

(Of & scien®, never devising a theory of the eager | notions, never 
‘even recognizing and defining the true character of the cardinal phe- 
seaehon of the precession, 7 
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Again, although it might seem beforehand highly improbable that a 
system of Chinese invention should have found its way into the West, 
and have been’ extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the pro- 
ducts of the soil aud industry of China were sought as objects of lux- 
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central Asia; it even appears that, as early as 
about B. C. 600 (Isaiah xlix. 12), some knowledge of the Sinim, as a far- 
off eastern nation, had penetrated to Babylon and Judea. On the other 
hand, we do not know how much, if at all, carlicr than this it may be 
necessary to acknowledge the system of asterisms to have made its ap- 

exrance in Indja. The literary memorials of the earliest period, the 

edie period proper, present no evidefice of the existence of the system : 
indeed, it is remarkable how litle notice is taken of the stars by the 
Vedic poets; even the recognition of some of them as plancts does not 
appear to have taken place until considerably later. Jn the more recent 
ee of the Vedic texts—as in the mineteenth book of the Atharva- 

Teda, a modern appendage to that modern collection, and in parts of 
the Yajur-Veda, of which there is reason to believe that the canon was 
not closed until a comparatively late period—fall lists of the asterisms 
are found. ‘The most unequivucal evidence of the eariy date of the svs- 
tem in India js furnished by the character of the disintties under whose 
revency the several asterism are placed: these are all froin the Yedic 
pantheon ; the popular divinities of later tunes are not to be tonnd among 
them; but, en the other lam, more than one whose euusequence is lost, 
and whose names alinest are forgotten, even in the epie period of Tindu 
history, appear in the list. Neither this, however, nor any other evi- 
dence known to us, is suflicient to prove, or even ty render strongly prob- 
able, the exisience of the astersmes in India at seo remote a period that 
the system miehi net be beheved to have beun imredkeed, in its fully 
developed form, trom China. 

If, now, we nake the attempt to determine, upon internal evidence, 
which of the three systems is the primitive one, a detailed examination 
of their correspondences and ditherences will lead us first to the import-_ 
ant negative conclusion that nv one among them can be regarded as the. 
immediate source from which cither of the ether two has been derived, 
It is evident that the Hindu asterisms and the Arab mandzd constitute,” 
in many respeets, one aud the sue system hath present. to us constel- ° 
lations or groups of stars, in piace of the single determinatives of the: 
Chinese sie ; and net ouly are these groups eo. posed in general of the 
same stars, but in several cases—as the 7th, 10th 11th, aud 12th mem- 
bers of the scries— where they ditfer widely in ».tuation from the Chi- 
nese deterininatives, they exhibit an accordance wth one another which 
is too close to he plausibly looked upon as accidental. But if it is thug 
made to appear that neither can have come independently of the other 
from a Chinese original, it is no less certain that neither re 





through the other from such an original ; for each has its owsmppints of 
agreement with the siew, which the other docs not share—the Hindy in 
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the Oth, 13th, and 21st asterisms, the Arab in the 15th, 22nd, 28rd). 
24th; and'25th mansions, ‘The same considerations show, inversely, thaé’ 
the Chinese system cannot be traced to either of the others as its source, 
‘a@ince it agrees in several points with each one of them where that one 
differs from the third. [ft becomes uceessary, then, to introduce an addi- 
tional term into the comparison; to assume the existence of a fourth 
system, differing in some particulars from each of the others, in which 
all shall fiud theircommon point of union. Sneh an ussuinption 18 not 
to be looked upon as either gratuitous or arbitrary. Not only do the 
mutual relations of the three systems point distinetly toward it, but it is 
also supported by general considerations, and will, we think, be found to 
remove mauy of the diticuities which have ciubarrassed the history of 
the general system. = [t has been urged as a powertul objection to the * 
Chinese origin of the twenty-eiggg-told disision of the Qeavons, that we 
find traces of its existence in <6 many of the countries of the West, 
eographically remote from China, and in which Chinese iifinenee can 
Fardiy be supposed te hive hei direets fil. Ard itis aaloubtedly 
truce that neither India ner Srabia has stood heanedat Uiees in suel 
relations tu China as should fi if to heeome the inmicdiae recipient 
of: Chinese learning, and the means of its conminniention to saprraund- 
ing peoples, The yreat rente of jutereourse between Ching aud the 
West Jed ever the trble-lend of Contual Ssies awed into it northe 
eastern territory of iran, the ser oof the Zere cde: eellvion and eat 
ture: thence the romds dlere Lov one heediee woe eed the ether 
south-cistward inte Thi. Gore Bie ve oe at dhe Cuba tthe true 
te of the Tndiain peninsue Veo Udn er unease dats of Uhiscentral 
and of Tran we eonesive the system of topnstens te dive received thas 
. form of which the Hindu wadetetres ang the Arb manent are the 
fesomewhat aueved representuives: piecie iv wiere and whether in the 
hands of Semitie or of Arvan reees we wok uot gd present attempt 
to Say. There are, 4s has Joeeet hotiece tle, inners of | feamiau S\S- 
tem to be found in the Dundelest) po but this isa vark wel, althoueh 
probably not later than the time. of Pontes, ieietend nee under her 
Sassanian rulers, cau preteis! tone nth HEE ated pe live traces have 
“08 yet been pointed out dn the carhie st Iranian memorial the Zendavesta, 
Weber (Ind. Literaturgeschichte, p21). 0. the other hand, sees in the 
mazzoloth aud maczuroth of the Serintires (lob wssviil 322 1 Kings, 
xxiii, S)—words redieadiy sdkin with tue Arabic qerncil-— indientions of 
the early existeave of the SSstein Heatlastion aaene the western seTnites, 
and suspects for ita Chaldaie or ain: Dit the aliusions appear to tis tow 
obseure and equivocal tu be ried upon as proof ef this, wer is it casy 
to believe that such a method of divisivu of the heavens should have 
prevailed so far to the west, aud from so ancient a time, without qur 
hearing of it from the Greeks; and especially, if it formed a part of the 
Chalduic astronomy. This point, however, may fairly be passed over, 
as on: to be determined, perhaps, by future investigations, aud not of 
essential importance to the present inquiry. ‘The question of originality 
Is at Icagidetinively settled adversely to the claims of both the Hindu 
‘aud .the@rab systems, and can only Jie between the Chivese and that. 
<i QE system from which the other two have together descended. And 
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" as-concerns these, wo are willing to accept the solution which is fur- 
nished us by the researches of M. Biot, supported as we conceive it to be 
by the general probabilities of the case. Any one who will trace out, 
by the help of a celestial globe or map,* the positions of the Chinese 
dceterminatives, cannot fail to perceive their gcneral approach to a great 
. circle of the sphere which is independent of the ecliptic, and which 
accords more nearly with the equater of B.C. 2350 than with any other 
later one. The full explanations and tables of positions given by Biot 
(Journ. d. Sav., 1840, pp. 243-254) also furnish evidence, of a kind ap- 
preciable by all, that the system may have lad the origin which he 
attributes to it, aud that, allowing for the limitations imposed upon it by 
‘its history, it is consistent with itself, and well enough adapted to the 
purposes for which it was designed. With the positions of its determin- 
ative stars scem to have agreed those of the constellations adopted by 
the common parent of the Hindu aml Arab svstems, excepting in five or 
six points: those pyints being where the Chinese make their one unac- 
countable leap from the head to the belt af Orion, and again, where the 
siew are drawn off far to the southward, m the coustellations Hydra and 
Crater: and this, in cur view, leoks mueh inere as i the senes of the 
siew were the original, whose guidance had heen closeiy fulloyed except- 
ing in a few cases, than as if the asterisis composi: the other systems 
had been’ independently selected from the groups of stars situated along 
the zodiac, with the intention of forming a zodiacal series, It is easy to 
see, farther, how the single determinatives of the sea should have become 
the nuclei for constellations such es are presented: by the other systems; 
but if} on the comtrary. the ste had been selecteb by the Chinese, in 
- each ease, from groups presicusly) constitute, ihere appears no reason 
why their brightest stars shoald uot have been els nas they were cho- 


sen Jater by the Hindus, in the establishment of juitiom-stars for the ° 


naterizins, . 

We would suggest, then, as the theary best: supported by ail the evi- 
derice thus far elicited. thar a knowledee of the Chinese -stronomy, and 
with it the Chinese system of division of the heavens noe twenty-eight 
mansions, was carried juto Western Asia at a period tol mueh later 
than B.C. 1100, and was there geopted by some western people, either 
Semitic or rani. That in their igus it received anew form, such as 
adapted it te a ruder amd less seientifie method of observation. the lint 
ing stars of the mansions being converted: into zediieal groups or con- 
stellations, and in seme tustanees altered tn position, so as to be brought 
nearer to the general planetary pach of the «sdptie. That in this 
changed form, having become a meas of roughly determining and de- 
scribing the places and movements of the prunis, it passed inte the 
keeping of the Hindus—very probally along witl the first: knowledge 
of the planets themselves—-and entered upon an independent career of 
history in Lidia, ‘That. it stall msiintiained its@f in is old seat, leaving its 
traces later in the Bundehesh; and that it made its way so far westward 
‘as finally to Lecome known to, and adopted by, the Arabs® The farther 





#* We propvse to furnish at the cloae of this publication, in connection with the 
additional notes, such a map of the zodiacal zone of the heavens as will sufficiently 
illustrate the churacter and mutual relations of the three syetems compared. 
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seodifications introduced into it by the latter people all have in view a, 
le purpose, that of establishing its stations in the immediate neigh- 

ood of the ecliptic: to this purpose the whole Arab system is nob* 

iges constantly faithful than is the Chinese to its own guiding principle, 
.. Fhe Hindu sustains in this respect but an unfavorable comparison with - 
‘the others: the arbitrary introduction, in the 15th, 23nd, 23rd, and 24th 

asterixms, of remote northern stars, grently impairs its unity, and also 

farnishes an additional argument of no slight force against its origmal- 

ity; for, on the one hand, the derivation of the others from it becomes 

thereby vastly more difficult, and, on the other, we can hardly believe 

that. asystem of organic Indian growth could have become disfigured in 

India by such inconsistencies; they wear the aspect, rather, of arbitrary 

alterations made, at the time of its adoption, in an institution imported 

from abroad. 

It might, at first sight, appear that the adoption by the Arabs of the 
manzil corresponding to Acvini as the first of their series indicated that 
they had derived it from India posterior to the transfer by the Hindus 
of the first rank from Krttika, the first of the seu, to Acvini: but the 
circumstance seems readily to admit of another interpretation. The 
names of many of the Arab mansions show the influence of the Greek 
astronomy, being derived from the Greek constellations: the same influ- 
ence would fully explain an arrangement which made the series begin 
with the group coinciding most nearly with the beginning of the Greek 
zodiac. The transfer on the part of the Hindus, likewise, was unques- 
tionably male at the time of the general reconstruction of their astro- 
nomival system under the influence of western science. The two series 
are thus to he regarded as having been brought inte accordance in this 

gct by the scparate and independent. working of the same cause. 
-Biot insists strongly, as a proof of the non-originality of the sys 
tem of asteriems among the Hindus, upon its gross and palpable lack 
of adaptedness to the purpose for which they used it;.he compares it 
to a ginlet out of which they have tried to make a saw. In this view 
we can by no means agree with him: we wouli rather liken it to a 
hatchet, which, with its edge dulled and broken, has been turned and 
made to do duty as a hammer, and which is not ill suited to its new and 
coarser office. Indeed, taking the Hind" system in its more perfect 
and consistent form, as applied by the Arabs, and comparing it with the 
Chinese siew at any time within the past two thousand years, we are by 
no means sure that the advantage in respect to adaptation would not bo 
generally pronounced to be upon the ride of the former. The distance 
of many of the siew during that period from the equator, the faintness 
of some among them, the great irreguiarity of their intervals, render 
them anything but a model system for measuring distanees in right 
ascension, On the other hand, to adopt a scries of conspicuous conatel- 
lations along the zodiac, & their proximity to which the movements of 
' the planets shall be marked, is no unmotived Mages, fi just such s 
division of tH8 ecliptic among twelve constellations preceded and Jed the 
- ‘Say tothe Greek method of measuring by signa, having exact limits, 
‘'@ad: independent of the groups of stars which originally gave name to ' 
iven. -M. Liot's error lies in his misapprehension, in two important 
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“respects, of the character of the Hindu asterisms: in thé firet place, he 
. Sepatantly treate them as if they were, like the sie, single stars, the in- 
‘: tefvals between whose circles of declination constituted the accepted 
divisions of the zodiac; and in the second place, he assumes them to 
have: been established for the purpose of marking the moon’s daily_pro- 
grees frum point to point along the ecliptic. Now, as regards the first 
of these points, we have already shown above that the conversion of the 
Chinese determinatives into constellations took place, in all probability, 
"before their introduction to the knowledge of the Jlindus: there is, in- 
deed; an entire unanimity of evidence to the effect that the Hinda sys- 
tem is from its inception one of groups of stars: this is conclusively 
shown by the original dual and plural names of the asterisms, or by their 
otherwise significant titles—compare especially those of the 18th and 
25th of the scries. The selection of a “junction-star” to represent the 
asterism appcars to be something comparatively modern: we regard it 
aa posterior to the reconstruction of the Hindu astronomy upon a truly 
scientific basis, and the determination, by calculation, of the precise pla- 
cea of the planets: this would naturally awaken a desire for, and Jead 
~ to, a similarly exact determination of the position of sume star repre- 
eenting cach asterism, which might be employed in the calculation of 
conjunctions, for astrological purposes; the astronomical nses of the 
system being no longer of inuch account after the division of the ecliptic 
into signs. And the choice of the junction;star has fallen, in the mae 
jority of cases, not upon the Chinese determinative itsell, but upon some 
other and more conspicuous member of the group originaily formed 
about the latter. Agaiy, there is an entire absence of evidence that the 
“ portions” of the asterisms, or the ares of the ecliptic named from them, 
were ever measured from jumction-star to junctiou-star: whatever may 
be the discordance ainong the diferent authorities respecting their extent - 
and limits, they are always freely, und often arbitrarily, taken from parts 
of the ecliptic adjacent to, or not far removed from, the successive con- 
stellations. ' 
As regards the other point natieed, it is, indeed, not at all to be won- 
dered at that M. Biot should treat the Uindu nakshetras as a system 
bearipg special relations to the moon, since, by those who have treated 
of them, they have always been styled “houses uf the moon,” “moon- 
stations,” “lunar asterisins,” and the like. Nevertheless, these designa- 
tions seem te be founded only in carelessness, or in misapprehension. 
In the Sdrya-Siddhanta, certainly, there is no hint to be discovered of 
any particular connection between them aud the moon, and for this rea- 
son we.have been careful never to translate the term nakshatre by any 
other word than simply “asterism.” Nor docs the case appear to have 
been otherwise from the beginning. No one of the general names for 
the asterisins (nakshatra, bha, dhishnya) means literally anything, more 
than “star” or “ constellation”: their most ancient and usual appella- 
tion, nakshaira, is a word of doubtful etymology (it may be radicall 
_ akin with nakia, nox, »¢é, “night”’), but it is not infrequently mas with 

in: the Vedic writings, with the geucral signification of “ star,” .or 
group of stars”: the moon is several times designated as “sovereign 
‘al the nakehatras,” but evidently in no other sense than that in which 
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weatylo her “queen of night”; for the same title is in other: passages 
given to the sun, and even also to the Milky.Way. When the name 
came to be especially applied to the system of zodiacal astcrisms,-we | 
have seen above that a single one of the serics, the 5th, was placed un- 
der the regency of the moon, as another, the 13th, under that of the | 
‘gun: this, too, by no means looks as if the whole design of the system 
was to inark the mvon’s daily motions. Naturally enough, since the 
moon is the most conspicuous of the nightly huninaries, and her revolu- - 
tions more rapid and far more important than those of the others, the 
asterisins would practically be brought into much more frequent use in 
connection with her movements: their number, likewise, being nearly 
accordant with the number of days of her sidercal revolution, could not 
but tempt these who thus employed them to sct up an artificial relation 
between the two. Llence the Arabs distinetly eall theit divisions of the 
zodiac, and the constellations which mark them, “ houses of the moon,” ’ 
and, until the researches of M. Biot, ne one, so faras we are aware, had 
ever questioned that the number of the asteristns or mansions, wherever ' 
found, was derived from and dependent on that of the days in the 
moon’s revolution. It was most natural, then, that Western scholars, 
having first made aequaintance with the Arab svstem, should, on finding 
the same in India, call it by the same name: nor is it very strange, even, 
that Ideler should have gone a step farther, and applied the familiar title 
of “lunar stations” to the Chinese sie also ys anerror for which he is 
sharply criticised by M. Biot (Journ, ds Sav. 1859, p. 480). The latter 
cites from al-Dirdui (Journ. dl. Sav. Is fo, pot); Eso, pp. £87-8) two 
{passages derived by him from Varahka-milira ay) Brahmagupta respeot- 
“Aely, in which are recorded attempts to establish a systematic relation 
between the astcrisms and the moos true and mean daily motions. 
One of these parsfige- is execedingly obscure, and both are irreconcila- 
ble with one another,-and with what we knew of the sysiem of aster- 
isms from other sources: two conclusions, howes CT, bearing upon the 
presen@@patter, are clearly derivable trem thein : first, Uiat, as the “ pur- 
‘tions” assiened to the asterism liad no natural and fixed limits, it was 
ossible for any Hindu system-maker -o to detine them as to bring then 
Into a conne:tion with the meon's daily motions: aud secondly, that 
such a connection was never deemed iw essential feature of the svatem, 
and hence no ove forin of it was generally recognized and accepted, 
The considerations adduced by us above are, we think, fully sufficient to 
account for any such i-ulated attempts at the establishment of a con- 
nection as al-irdini, who naturally sought tu find in the Hindu nakxha- 
tras the corrclatives of his own mandzil al-kamar, was able to diseover 
among the works of Hindu astronomers : there is no good reason wh 
we should deprive the former of their true character, which is that of 
zoiacal constellations, radely marking out divisions of the ecliptic, and 
employable for all the purposes for which such a division is demanded. 
The reason of the variation in the number of the astcrisms, which are 
seckoned now.as twenty-eight and now as twenty-seven, is a point of no 
Rai) difficulty in the history of the svetem. M. Biot makes the acute | 
‘@ipgestion that the omission of Abhijit from the series took place be- 
: e the mansion belonging to that asteriam was on the point of becorh- 









“WH OT ie F ; Translation. and Notes. - a 908 


4 en eg aad 

ing etinglhed, the circlegf declination of its karate sired 
brought by the precession,to a coincidence with that of the juncff®n-star 
of the préceiiing asterism about A.D. 972. But it has been shown 
above that M. Biot’s view of the nature of a nokshatra—that it is, 
namely, the are of the ecliptic intercepted between the circles of, declina- 
tion of two successive junction-stars—is altogether crroneous: hoWever 
nearly those circles might approach one another, there would still be no 
difficulty in assigning to each asterism its “ portion” from the neighbor- ° 
ing rerion of the ecliptic. Ayain, this explanation would not accouts 

for the carly date of the omission of Abhijit, which, as already noticed, 
is found wanting in one of the most ancient lists, that of the Taittiriya- .. 
Sanhita. It is 7 be observed, moreover, that M. Biot, in calculating the 

period of Abhijit's disappearance, has adopted 1 Sagittarii as the junc- 
tion-star of Uttara-Ashadha, while we have shown above that ¢, and 
not 1, ds to be so regarded : and this substitution would defer until sev- 
eral centuries later the date of coincidence of the two circles of declina- 
tion. According to the Hindu measurements, indeed (see the table. of 
positions of the junction-stars, near the bexinuing of this note), Abhijit 
is farther removed from the preceding asterisin, both in polar longitude 
and in right aseension, than are five of the other asterisms from their 
respective predecessors: nor docs the Uindu astronomical svstem ae- 
knowledge or make allowanee for the alteration of position of the cireles 
of declination under the influence of the precession: their places, as 
data for the calculation of conjunetions, are ostensibly laid down for all 
future time. For these various reasons, M. Biot's explanation is to be 
rejected as insnflivient. A more satisfuetory one, in our opinion, mag . 
be found in the fact. ilustrated above (sce Fie. 31, beginning of this 
note), that the asteri-ms are in ecneral so distributed as to accord quite 
well with a division of the celiptic into twenty-seven equal portions, 
but not with a division into twenty-eight equal portions; that the 
recion where they are too inueh crowded together is that from the 20th 
to the 23rd asterism, and that, amone those situated in this erowded 
quarter, Abhijit is farthest removed from the ecliptic, and so is more 
easily left out than any of the others, in’ dividing the ecliptic into por- 
tious. We cannot consider it ai all doubtful that Abhijit is as originally 
and truly a part of the svstem of asterisms as any other constellation 
in the series, whieh is properly composed of twenty-cight members, and 
not of twenty-seven: the analogy of the other svatems, aud the fact 
that treatises like this Siddhanta, which reckon only twenty-seven divi- 
sions of the ecliptic, are vet obliged, in treating of the astcrisms as con- 
atellationa, to regard them as twenty-cight, sre conclusive upon this 
point. The whole difficulty and source of discordance <ceims to lie’ in 
this—how shall there, in any systematic method of division of the eclip- 
tic, be fonnd a place and a portion tor a twenty-eighth asterism? The 
‘Khanda-Kataka, os cited by al-Birdni—in making oat, by a method 
which is altogether irrespective of the actual positions of the asteriams 
with reference to the zodiac, the accordance already referred to between 
their portions and the inoon’s daily motions—allots to Abhijit so ngdbh. . 
of the bliptic as is equjvalent to the mean motion of the moon during 
‘the part of a day by which her revolution excceds twenty-seven days. 
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"says: “the last quarter of Uttara-Ashadha hnd thé first fifteentli-‘of* 
Cravana together constitute Abhijit: it is so to be accounted, when * ‘. 
twenty-cight asterisms are reckoned ; not otherwise.” ‘Ordinarily, how- <. 
séver, the.division of the ecliptic into twenty-seven equal “ portions” fa. 
“made, and Abhijit is simply passed by in their distribution. Affer the: 
introduction of the modern method of dividing the circle into.gegrees' 
aii minutes, this last way of settling the difficulty would obviously re- 
~Oeive a powerfal support, and an increased currency, from the fact that.,, 
a division by twenty-seven gave cach portion an even nuinber of min- *; 
‘ates, 800, while a division by twenty-cight yiclded the awkward and 
unmanegeable quoticnt 7713. 

" yet remains to be done, before the history and use of the «ys- 
temag/asterisms, as a part of the ancient JTindu astronomy andgpstrol-' 
ry, wall be fully understood. There is in existence an abundant liter- 
ire, ancient and modern, upon the subject, which will donbtless at . 
wime time provoke laborious investigation, and repay it with interesting 
fekults. To us hardly any of that literature is accessible, and only the’ 
‘Saal results of wide-extended and Jong-continued studies upon it could 
‘Hein’ place here. We have already allotted to the nekshatras more 
then to some may seem advisable: our excuse must be the in- 








pat.of.the history of the system, as part of the ancient history of 
the vie and spread of astronomical science ; the importance attachin 
t4o the researches of M. Biet, the inuloquate attegtion hitherto paic 
haw, and the recent renewal of their diseussion in the Journal des Sa- 
nis; ahd finally and espevially, the fact that in and with the asterisms 
bound up the whole history of Mindu astronomy, prior to its trans- 
‘Germation under the overpowering influence of western science. In the 
‘mhodern astronomy of India, the nukshafras are of subordinate conse- 
quence only, and appear as hardly more than reminiscences of a former 
ender of thiugs: from the Sarva-Siddhanta micht be struck ont every 
ive’ referring to them, without scrious alteration of the character of tho 





Boho bringing this note to a close, we present, in the annexed table, 
# 46niparison of the true longitudes and istitudes of the junction-stars 
of:¢he twenty-eight asterisms, as derived by calculation from the posi- 
tions ro our text, with the actual longitudes and latitudes of the 
atare ‘Wren’ Sthich they are probably to be identified. In a single case, . 
(the 27th asterism), we compare the longitude of one star and the lati- - 
tude of another; the reason of this is explained above, in connegtion 
with the identifi¢ation of the asterism. We add columns giving the 
errors of the Hindn determinations of position: iu that for the latitude 






north diregtion po pec positive, and south direction as negative. 
Upon @xamining the ecolamn of errora of latitude presented in this . 





table, it wil] lytiediy that they are too considerable, andtoo irregular, | 
- both in ginggkh'ted in direction, to be plausibly gecounted for other... 
Mile than as direct errors of obeervation and calculition. The grossegt.i. 

, as hap already been pointed out, are cospmitied in the “i 
of southern latitudes yhan of considerable an¢; ‘ind they’ 
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all in the same diree tion, giving the star a “place 100 far to the north; = 
The column of crrors in longitude, on the other hand, shows a 
marked preponderance of minus errors, their sum being 33° 5 1, while 
the sum of plus errors is only 7°52. Upon taking the di aids of 
these suina, and dividing it by ‘twenty-eight, we find the average: ecror 
of longitude to be — 56° the greatest deviation from it in eithe ‘direction 
being — 2° 4’ and + 3° 27, *” So far as this gocs, it would indloate that 
the Hind measurements of position were made from a yerhal equinox 
situated about 1° to the castward of that of A. D. 560, and so at 4 time 
seventy years previons to the date we have assumed for them, or about 
A.D. 490. In our present iznorance of the methods of observation | 
a a a a pe 

. # Tn a comparison in which a high degree of exactness was desired, and was not, 

‘ in the nature of the case, unattainnble, it would of course be negessary 6 to. take into 
account the proper motions of the stars compared. This we hive nat : ‘thought it 
worth while, in the pregent instance, to do. We may remark, ¥ 4s that the 
: netivn-etar of the 1508 asterism, Arcturus, has a much greater f Hdotion ; 

oan jn the series; and that, if this were allowed for, actording ‘to its + 
* Rae Mem. Roy. Astr. Soc, vol. xix, 4to, 1861), the 

Pek aetird about 99’, but that of ‘ade ronan et 
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; ; 4° apes 
; byved by the Hindus for this purpose, such a determination of date. 
‘ cannot, indeed, be relicd upon as exact or conclusive, yet it-is the best’ 
and surest that we can attain. The aay conclusion, at any rate, 
stands fast, that the positions of the junction-stars of the asterisms were - 
fixed not far from the time when the vernal equinox coincided with the - 
~ fnitial point of the Elindu sidcreal sphere, or during the sixth century — 
of our era. ; 
Since, according to the Llindu theory, the initial point of the sidereal 
“here is alsa, for all time, the mean place of the vernal equinox, which’ 
., Always reverts to it after a libration of 27° in cither direction (see above, 
+ jii, @-12), we are not surprised to find the pogitions of the asterisms pri-® 
“ marily defined upon the supposition of their coincidence. But it is not 
a little strange that the ettect of the precession in altering the direction 
of the circles of declination drawn through the junction-stars, and so the 
polls sprgitures and latitudes of the latter, should be made no account 
68 ate, however, the latter half of v.12, below, and the note upon it), 
Seep that directions for calculating the conjunctions of the planets wi 
asterisms according to their positions as thus stated should be given. 
(vy. 14-15), unaccompanied by any hint that a moditieation of the data 
‘Qfsthe process would ever be found necessary. ‘This carelessness is per- 
feet. to be regarded as an additional evidence of the small importance 
Seecned, after the reconstruction of the Lindy astronemy, to caleula- 
Spteje which the asterisins were concerned: although it also tends 
_strofigty to prove what we have sucwested above (note to iii, 9-12), that 
'in the construction of the Hindu astronomical system the precession was 
pignored altogether. It is to be noticed that the two systems of yoras (see 
gabove; i. 65, and additional note upon that passize), originally founded: 
upon actual conjunctions with the asterisins, have been divorced from 
any real connection with them. A like considcration might restrain us 
from accepting the determinations of position here presented asthe best 
resulta which [indu observers and instruments were capable of attaining: ; 
yan the absences of other fesi< of their powers, we canpot well help 
ing the conclusion that the accuracy of a Llindu observation is not 
fe relied on within a degree or two. 


4 Kegastya is at the end of Gemiia, and cighty dewrees south ; 
and “Mirgav radha is situated in the tweuticth degree of Geinini; 

11. His latitude (vitshepa), reckoned from his point of declina- 
tion (@pakrana), is forty degrecs south: Agni (hutabhuj) and Brah- 
mahrdaya are in Taurua, the twenty-second degree ; 

12. And they are removed in latitude (cueohipla), northward, * 
eight and thirty degrees respectively... . ‘ 

In connection with the more proper subject of this chapter we also 
have laid before ua, here and in a subsequent passage (v¥. 20-21), the 
defined positions of a few, fixed stars which are not incladgg in the sys- 
tein of zodiacal asterisms. The definitjon is made in the¥ame manner 
ag before, by.polar longitudes andl latitudes. It in mgt wt ‘all difficult: te. 

Be hh hacghs ee to in hapa ia bak Lis ee x 
/olebrooke, in liis article already ci B, Rates VOR. IX). ™ ms 
« Navis, or.Canopus, a star of the firat agents oc of Tea 
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most. brilltant in the-sonthern heavens. Its “remote! sonthérn poritiniiy2, 


pm 37° froms the pole, renders it invisible to an observer stationed ‘much | 


the p ard of the T¥opic of Cancer. Its Hindu name is that of 


~gne.of the old Vedie rshis, or inapired sages.’ The comparison of its 


. true position with that assigned it by our text—which, in this instance, 


“does not require to be reduced to true longitude and latitude—is as.’ 


‘follows: 
oe Agastya .. . . go®o’.... 8° o’§. 
a Cunopus ... . 839 4’. . . . 75° 50'S, 
. 3" Lhe error of position is here very considerable, and the variations bs 


“the other anthoritics from the data‘of our text are correspondingly reat. : 
The Siddhanta-Ciromani and (according to Colebrooke) the Brahma-" 
‘SiddhAnta give Agastya 87° of polar Jongitude, and 77° of latitude, 


“which is a fair approximation to the truth: the Graha-Laghava-also 


“18 as gross an error as that of the Sarya-Siddhanta, but in the oppoat 


... to that of aagitext, 


oe 


12... Uaviag constructed a sphere, one may examine:the 
 irrecteds( i Jatitude and polar longitude (dkeusaka). a 
i % r i, om oR : at td z 
ne ” nad etna : 
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laces it correctly in lat. 76° S., but makes its longitude only 80°, eich 







direction. The Cakalya-Sanhita agrees precisely with, our treatise MK 

respects the positions of these four sters, as it does generally in 

numerical data of its astronomical system. me 
Mrgavyadha, “ deer-hunter"—it is also called Lubdhaka, * hunter" 


is ¢ Canis Majoris, or Sirius, the brightest of the fixed stars : eo 
Mraavyidha . 2. . 769 23’ . ©. . 39? 52'S. Re 
Sirus. 2... 1... BFP 7... . Jy? 32/8, ie 


Here, while all authorities agree with the correct determinatioi of the * 
latitude of Sirius prescuted by our text, the Siddhanta-Ciromahi.s 
greatly reduce its error uf longitude, by giving the star 86°, instead of: 
80°, of polar Jongitude: the Graha-Laghava reads 81°. : “i 

The star nawned after the god of fire, Agni, and called in the text Ie: 
one of his frequent epithets, Autebh)j, * devouree of the sacrifice,” is t 
one Which is situated at the extremity of the northern horn of the Bull, 
or § Tauri: it alone of the four is of the second marnitude only : 3". 

Agni. .... o4° 5)... 2° 44) N, 
B Tauri... . G2932’ . .. . 5° a2’ N, gre 

The very gross error in the determination of the longitude of this star 
is but slightly reduced by the Graha-Laghava, which gives it 53°, idlitead 
of 52°, of polar longitude. The Siddhanta-Giromani and Brahma-Bid- 
dhitita omit all notice “f any of the fixcd stars excepting Canopuaand 

irius. 

Brahmahrdaya, “ Bralima’s heart,” is « Auriga, or Capella : 

Brahmahrdaya . . . . 6v% ay’... . 26° 53 N. 

Capella... ..-.- G19 50’... . 12° 5a’. 

The Graha-Layhava, leaving this erroneous determination of latitade 
unamended, gdds a greater error of longitude, in the opposite ditection 
-giving the star 4° more of polar longitude. 
ese Comparisons in a tabular form at the end of 
ar with the other passage of similar imffoért. 
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214. “Sdrya-Siddhénta, . aq E{vii. 12- 
"I at is the true meaning and scope of this passage, ia” | tion with - 
.Y to which thero may be some difference of pes cov%n- 





mehtator explains it as intended to satisfy the inquiry whot(eshe polar 
longitudes and latitudes, as stated in the text, are constant; or whether 
_ they are subject to variation. Now although, he says, owing to the 
precession, the values of these quantities are not unalterably xed, yet 
they are given by the text ns they were at its period, and as if they were 
constant, while the astronomer is directed to determine them for his own 
time by actual observation, For this purpose he is to take such a sphere - 
as is described below (chap. xiii)—of which the principal parts, and the." 
only ones which would be brought into use in this provess, are hoops or: ' 
circles representing the colures, the equator, and the ecliptic—and is to 
suspend upon ita poles an additional movable circle, graduated to de- 
es: this would be, of course, a revolving circle of declination. The 
sphere is next to be adjusted in such manner that its axis shall point to 
@ pole, and thiit its horizon shall be water-level. Then, in the night, 
e Junction-star of Revati (5 liseium) is to be looked at through a bole 
‘in the centre of the instrument. and the corresponding point of tho 
geliptic, which is 10’ east of the end of the constellation Pisces, is to be 
“Bepught over it; after that, it will be necessary ouly to bring the revolv- 
“Me. bircle of declination, as observed through the hole in the centre of 
Bee. Wigtrunient, over any other star of which it is desired to determine 
Siteition, and its polar longitude and latitude may be read off directly 
pati‘the ecliptic and the movable circle respectively. 
Goldbrooke (As. Res., ix. 326: Exsays, i. 324) found this passage 
siniilarly explained in other commentaries upon the Sarya-Siddhanta to 
which he had access, aud also inet with like directions in the commen- 
taries on the Siddhinta-CGiromani. 

-There are, however, yery serious objections to such an interpretation 
of the brief «direction contained in the text. It is altogether inconsist- 
efft with the whole plan and method of a Ilindu astronomical treatise to 
leave, and even tye order, matters of this character to be determined hy 
observation. Observation has no such important race assigned to it In 
the astronomical sy-tem: with the exception.of terrestrial longitude and 
latitude, which, in the nature of things, are beyoud the reach of a trea- 
tise, it is intended that the astronomer should! find in his text-book every- 
thing which he needs for the determination of celestial phenomena, and 
should resort tv instruments and observation only by way of illustration, 
The sphere of which the constrnetion is prescribed in the thirteenth 
chapter is net an instrument for observation: it Is expressly stated to he 
“for the instruction of the pupil,” and it is encumbered with such a 
number aud variety of different circles, including parallels of declination 
for all the asterisms aud for the observed fixed stars, that it could not 
be used for any other purpose: it will be noticed, too, that the com- 
mentary is itself obliged to order here the addition of the only appli- 
ances—the revolving circle of declination and the hole thretgh the cen- 
.tre—which make of it an instrinnent for observation. The simple: apd 
original incaning of the passage seems,to be that, having constructed 

trerc in the manner to be hereafler,“described, one may examine the 

Sen of the asteriyms as marked spon .it, and note their coincidence 
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with the actual positions of the stars in the heavens. And we wogld: 
regard the other interpretation as forced upon the passage by the com- 
mentutors, in order to avoid the difficulty pointed out by us above (fear 
the end of the note on the last passage but one) and to free the Sid- 
dhanta from the impntation of having neglected the precessional varia- 
*tion of the circles of declination. M. Biot pronounces the method of 
observation explained by the conimentators “ulmost impracticable,” 
and it can, accordingly, hardly be that by which the positions of the av 
terisms were at first laid down, or by which they could be made to un- 
-dergo the necessary corrections. Auother method, more in accordance 
with the rules and processes of the third chapter, and which appears to 
us to be more authentic and of higher value, is described by Colebrooke 
os above) from the SiddhAnta-Sarvabhauma, being there cited from te 
iddh4nta-Sundara ; it is as follows: 
“A tube, adapted to the summit of the gnomon, is directed toward 
the atar on the meridian: aud the line of the tube, pointed to the star, 
is prolonged by a thread to the vround. The line from the summit @&: 
the gnomon to the base is the hypothenuse; the height of the gnomong 
is the perpendicular ; and its distance from the extremity of the threg¢€ 
is the base of the triangle. Therefore, as the hypothenuse is to its ba 
so is the radins tu a base, from which the sine of the angle, and ean: 
quently the angle itself. are known. Lf it exeeed the latitude Lat’ nad 
place of observation |, the declination is south; or, if the contrary, aa 
north, The right. ascension. of the star is caleulated trom the ppg. of 
night, and from the right ascension of the sun for that time. The? dieli- ’ 
nation of the correspoiding point of the ecliptic being found, the'#am 
or difference of the declinations, aecording as they are of the same or of . 
different denominations, isthe distance of the star from the ecliptic. The 
longitude of the same point is computed ; and from these elements, with 
the actual precession of the equinox, may be calculated the true longi- 
tude of the star; as also its latitude on a circle passing thrungh the a 
of the ecliptic.” 

“The Siddhanta-Sarvabhiuma also gives the time longitudes and lath 
tudes of the asterisms, professedly as thus obtained by observatien - 
calculation, and they are reported by Colebrouke in his general table of 
data respecting the asterisms. . 

If we are not mistaken, the amount and character of the crrors in the 
atated Jatitudes of the astcrisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 








18. In Taurus, the seventecuth degree, a planet of which the 
latitude is a little more than two degrees, -outh, will split the 
wain of Rohini. 


The asterism-Rohini, as has been seen above, is composed of the five 
principal stare in the head of Taurus, in the constellation of which is 
"geen the figtite of a wain. ‘The divinity is PrajApati.. The distances of 
ita starr in longitude from the initial point of the sphere vary from 45° 
46'(;) to 49° 45’ (a): hence the seventeenth degree of the second 
siyn—the reckoning commencing at the initial poiut of the sphore, taken, 
‘a4 coinciding aleo with tho vernal equinox—is very nearly the mniddle.of 


PRS Pe a Be : aaa if " 
st SD yl Siddha ae 
eo ee Be ond sr 5 ee 
jMiekwain. “The Istitude of its stara, again; varies from 2° 86’ (2) to 5° 
47’, {%)8:; hence, to come into collision with, or to enter, the wait, & | 
planet must have more than two d s of south latitude. The Sid- — 
&nta does not inform us what would be the consequences of sugh an 
boeurrence ; that belongs rather to the domain of astrology than of ,ge-... 
tronomy. We cite from the Paiicatantra (vv. 238-241) the following * 
description of these consequences, derived from the astrological writings . 
of Varaha-mihira :* 
“When Saturn splits the wain of Rohini here in the world, then 
M&dhava rains not upon the earth for twelve years, ae 
“When the wain of Prajipati’s astcrism is split, the earth, having 
as it were committed a sin, performs, in a manner, her surface being — 
wn with ashes and bones, the kdpdlika penance. eo 
“Tf Saturn, Mars, or the descending node splits the wain of Rohint, 
why need I say that, in a sea of misfortune, destruction befalls the word? 
“When the moon is stationed in the midst of Rohini’s wain, then. 
men wander recklessly about, deprived of shelter, eating the cooked 
flesh of children, drinking water from vessels burnt by the sun.” 
@, Upon what conception this curious [vature of the ancient Hinda as- ° 
logy is founded, we are entirely ignoraut. 







ae? a4, Calculate, as in the ease of the planets, the day and night 
‘the asterisms, and perforin the operation for apparent longi- 
“tude {(d@rkkarman), as before: the rest is by the rules for the con- 
Junction (melaka) of planets, using the daily motion of the planet 
asa divisor: the samc is the case as reyards the time. 
15. When the longitude of the planet.is less than the polar . 
longitude (dhruvaka) of the asterism, the conjunction (yoga) is to 
come; when greater, it is past: when the planet is retrograding 
(vakragati), the contrary is tv be recognized as true of the con- 
junction (samdyama). 


a, _ Lhe rules given in the preceding chapter for caleulating the conjune- 
“Zion of*two plancts with one another apply, of ecurse, with certain mod- ° 
Hications, to the calculation of the conjunctions of the plancts with the 
asteriams. The text, however, omits to specify the most important of 
these modifications—that, namely, in determining the apparent longi- 
tude of an asterism, one part of the process prescribed in the case of 
planet, the ayanadrkkarmaa, or correction for ecliptic deviation, is to be — 
omitted altogether; since the polar longitude of the asterism, which is 
iven, corresponds in churacter with the dyana graha, or longitude of 

‘ the planet as affected by ecliptic deviation, which must be ascertained 
by tke ayanadrkkarman. The commentary notices the omission, but 
offers neither explanation nor exeuse for it. The other essential modifi- 

, cation—thit, the asterism being fixed, the motion of the planet alone is - 





a . Our translation represents the verses as amended .in their readings by Benfey ) 

. (Pentechatantra ete, 2r Theil, nn. 234-287). Inthe third of the verses, however, 
‘$gading silt the So rae ap nba ered pa seem note ag hoa ie 

.‘ descending node”; since the node, being always necessarily in the ecli 

svar come into ‘collision with Rohini's van ob a P 
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to be uséd ap divisor.in determining the place and time 
tion—is duly noticed, co ee 
' .The inaccuracies in the Hindu process for determining sppazent fon- 
gitudes, which, as above noticed, are kept within bounds, where the 
plgnets.alone are concerned, by the small amount of their ‘letitades,- 
"would. be liable in the case of many of the asterisms to lead to grave-er- 
rors of result. ane 
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16. Of the two Phalgunis, the two Bhidrapadis, and likewise 
the two Ashiadhis, of Vigakha, Acvini, and Mrgacirsha (stymya),: 
the junction-star (yoqutérd) is stated to be the north fare 







pant 
_ 1%. That which is the western northern star, being the gaa 
situated westward, that is the junction-star of Hasta; *% 

-vistithé it is the western: 


on 


18. OF Jyeshtha, Cravana, Anurdidhi (maitre), and Pushy#: 
(bdrhaspafya), it is the middle star: of Bharani, Krttikii @gneya),’. 
and Maghi (pitrya), and likewise of Revati, it 1s the southern :'*: 

19. Of Rohini, Punarvasu (dditya), and Mula, it is the eastern 
and so alsgeof Aclesha (sdrpa): in the case of each of the other, 
the junctiof-siar (yoquldruks) is the great (sth ila) one. - ae 

: Pak 

We have had oceasion above, in treating of the idefltification. -of-tbe, 
asterisms, to question the accuracy of seme of these designations of Ui) 
relative position of the junction-stars in the gronps containing. them, | 
We do not regard the passage as having the same authenticity and 
authority with that in whieh the determinations of the polar longitades 
and latitudes are given; and indecd, we are inclined to suspect that all 
which follows the fifteenth verse in the chapter may be a later addition 
to its original content. It is difficult to see otherwise why the state 
ments piven in verses 20 and 21 of the positions of certain stars should 
be separated from those presented above, in verses LO-1z. A’ designa- 
tion of the relative position of the juuction-star in each group ought also 
properly to be connected with a definition of the number of stars com- 
posing each, and a description of its configuration—such as are presented 
along with it by other treatises, as the Cakalya-S:nhita, The first is even 
in some points ambiguous unless accompanied by the others, since there 
are cases in which the same star has a different. position in its asterism 

“gecordivg as the lutter ts to be regarded as including a less or a greater 
number of sturs. In this respect also, then, the passage looks like a dis- 
connected fragment. Nor is the method of designation so clear and 
systematic as to inspire us with confidence in its accuracy. Upon a 
consideration of the whole series of asterisins, it is obvious that the 

. brightest member of cach group is generally sclee'ed as its junctio#-star. 
‘Hence we should expect to tind a general rule to that effect laid- down, 
and then the exceptions to it specially noted, together with the cases in 
which such a designation would be equivocal. Instead of this, we gave 
the junction-stars of only two asterisms contzining more than one star, 
namely Abhijit and Catabhishaj, described by their “superior brilliancy, 
while that of the former is not less capable of being pointed out by ita 

position than are any of the others in the series. Again, there are ipo 
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. in which it is questionable which star is meant to be pointed out in @ 
. group of which the constitution is not doubtful, owing to the very near 
correspondence of more than one star with the position as defined. And 
once more, where, in a single instance, & special effort has apparently - 
been made to fix the position of the junction-star beyond all doubt or — 
cavil, the result ia a failure; for it still remains a matter of dispute how | 
the description is to be understood, and which member of the group is 
intended. The case referred to is that of Hasta, which ocenpies nearly 
all of verso 17. That Colebrooke was not satisfied as to the meaning of 
the description is clear from the fact that he specities, as the star referred 
to, “y or 0 Qérvi.” is translation of the verse, “2nd W. of 1st N.W., 
conveys to us no intelligible meaning whatever, as applied to the actual 
group. He evidently ‘nnderstoud poredmotiaratdrdyd asa single word, | 
standing by cuphony for -tdrdyds, ablative of -édrd. Our own render- 
ing supposes it divided into the two independent words pageinietia- 
ratdré yd, or the three pareind vilaratdra ya. This interpretation id, in 
+ the first place, supported by the corresponding passage in the (Akalya- 
~ Sanhité, which reads, “of Hasta, the north-western (edyavi): it is also 
the second western.” Avuin, it applies without dilliculty tg one of the 
pu in thie group, namely to 7, which we think most ik be the 

‘pointed out—and mainly, because cither of the others Would admit 

_of being more siffply and briefly designated, J as the northern; # as the 

‘eastern, a as the southern, amd ¢ as the western star. We should, then, 

* the description as uaambivnous, were it not for what is farther 
added, “ deing the second situated westward," for 7 is the tirst or most 

“westerly of the five in longitude, and the third in right ascension, while 
the second in‘longitude and in right ascension respectively are the two 
faint stars sand. We confess that we do not ace how the difficulty is 
to be solved without some emendation of the text. 

We cunceive ourselves to be justified, then, in regarding tls passage 
as of doubtiul authenticity and inferior authority: as already partaking, 
in short, of that ignorance and carelessness which las rendered the 
ILlindu astronomers unable, at auy time during the post thousand years, 
to point out in the heavens the complete series ot the groups of stars 
composing their system of usterisins, None of the other authorities 
accessible to us gives « deseription of the reiative places of the junction- 
stars, exceptine the Cakalya-Sauhita, aud our manuscript of its text is 
su defective and corrupt at this point that we are able to derive from it, 
with confidence the positions of only about a third of the stars. - So 
far, it accords with the Strya-Siddhanta, save that it points out as the 
junction-star of Pérva-Ashadhé the brielitest, instead of the northern- 
most, incmber of the group; and here there isa difference in the mode of 
designation only, and not a disagreciment as regards the star designated. 


20. Situated five degrees eastward from Brahmahrdaya is Pra- 

. japatl: it is at the end of Taurus, and thirty-eight degrees north. 

21. Apfimvatsa is five degrees north from Citrii: somewhat 
greater than it, as also six degrees to-the north of it, ia Apas. 


The three stars whose positions are defined in this passage are not 
meg#ioned in the Cakalya-Sanhitd, nur in the Siddhdnta-Qiromani and 
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(according to’ Colebrooke) the Brahma-Siddhantsa; only the latter of 
them, Apas, is omitted by the Grahu-Laghava, being noticed in the 
Strya-Siddhanta alone. 1t may fairly be questioned, for AfOR Te- 
marked ahove, whether the original text of our treatise itselfcontained 
the last two verses of this chapter: moreover, at the’ end of. the next 
chapter (ix. 18), where those stars are spoken of which never set heli- 
acally, on account of their high uorthern situation, Prajapati is .npt 
-meutioned among them, as it ouglit to be, if its position had been is 
viously stated in the treatise. Still farther on (xii. 9), in the descrip- 
tion of the armillary sphere, it is referred to by the name of Brahma, * 
which, Recording to the comnientary on this passage, and te,Colebrooke, 
it. also customarily bears, Perhaps another evidenee of the unauthen- 
ticity of the puassave is to be seen in the fact that the two definitions of - 
the polar longitude of Prajapati do not, if taken in connection with verse 
11, appear to agree with one another: a star which is 5° east from the 
osifion of Brahmahrdaya, as there stated, is not “at the end of Taurus,”, 
ut at its twenty-seventh degree: this may, however, be merely an inac? 4g 
curate expression, intended to inean that the star is in the latter part, or 
near the end, of Taurus. The Graha-Laghava, whieh defines the “posi- 
tiong.of all®hese stars directly, by degrees of polar longitude aud lati- 
tudéjand. not by reference cither to the signs or to other stars, mives - 
jApati 61° of polar lonzitude, or 5° more than it assigned to Brahmabye 
daya: it also adds 1? to the polar latitude as stated in our text. Thea 
star referred to can hardly be any other than that in the head> of the™- 
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Wagoner, or 9 Aurigie (4): 


Prajipati . 2... 6-7 rt’ 2... 36? fg’ N. 
6 Aurivs . . . . Gy? 41. © we du? Gg’ N. 


The error of latitude is about the same with that which was commit- 
ted with reference to Bralinalrdaya, or Capella. Why so faint and in- 
conspicuous a star should be foun among the few of which the Hindu. 
astronoiners have taken particular notice 1s not easy to discover. 

The position of the star manned Apimyitsa, © Waters’ Child,” is de- 
scribed in our text by reference to Citra, or Spica Virginis : it is said to 
be in the shine longitude, 180°, and 5° farther north; and this, since 
Citra itself is in lat. 2° 8., would make the latitude of Apimvatsa 3° N. 
The Graha-Lachava gives it this latitude directly, and also makes its lon- 
givace agree with that of Spica, which, as already noticed, it places at 
the distanco of 183° from the origin of the sphere. Apas, “ Waters” 

the commentary, however, treats the word as a singular masculine, Apa), 
‘Is put 6° north of Ap&mvatsa, or in lat. 9° N. It is identified by Cole- 
brooke with 5 Virginis (3), and doubtless correctiy : 


Apass......- 176° 23’... . BF 5 N, 
6 Virginis . . . . 1719 28’. . . . 8° 38’ N. 


Colebrooke pronounces ApAmvatsr to comprise “the nebulous ‘tars 
marked b 1, 2, 3” in Virgo. : We ean find, however, no such stars upon 
any map, of in any catalogue, accessible to us, and hence presume that 
Colebrovke must have been misled here by some error Of the authdrity 
on which he relied, There is, on the other hand, a star, $ Virginis (4), 






at, ' Mbirja- Siddhdbnta, as a 
a “e s a " ; .? oe < 
citsiated Girectly between Spica and 4, and at = A ‘distanee from ae! 
ater almost beyond question that it is the star intended : ; 
ve Apimvatea .. . . 178° 48’. . . . 2° 45/.N. ™, 7 
9 Virgins . . . . 178912? , . . . 19° S5°N, % 

4 "Tt if not less difficult in this than in the former case to accountor the 
"let of these stars, among the hundreds equalling or excelling them 
rilliancy, as objects of special attention to the astronomical obsypvers 
ie cient India. Perhaps we have here only the scattered and tee 

nected fragments of a more complete and shupely system of stellar: 
“tronomy, which flourished in India before the scientific reconstrugtian’ 

the Hindu agtronomy transferred the ficld of labor of the aati norner 
from the skies to his text-books and his tables of calculation. 

The annexed table gives a comparative view of the positions of ‘the * 
seven stars spoken of iu this and’ a preceding passage (vv. 10-12) 1 as - 
defined by our text and as determined by modern observers : ee, 


ng _ Positions oo certain Firal Stars. ~, 


; | Hindu porition: True position : | oe ee pl 
Mame. Suir ¢ : as 
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ggavyAdha, | Bo o fo OB.) 76 23.49 S28. RE 74g 328 ‘u Canis Maj, ayia °: 
, 52 o' BON: 54 oe aN 63 32' 45 vad: a Tauri, | 
Brahmabrdays, 5a 0 30 ON! Go ag98 SIN. 61 Suva 52 Na, Aurige, Capella. 
Prajipati, 97 0 38 ON, 47 11:36 49N. 6y 5430 fgN46 Aurign, * 
fApamvatsa, ‘180 0 | 3 oN-8 48° 9 ALN.itK12. 1 45N {3 Virginis. ;,. 
Apas, w1Bo 0.9 ao, yr 23, 8 VN, 171 98 8 38N i3 Virginis. 4, 


The gross errors In the dieteruinalions ‘af position of these ae give 
us a yet lower idea of the character of [Hindu observations than we 
derived from our examination of the jenction-stars of the s:asterisms, 
The esasy of Culebrooke in the ninth volume of the Asiatic Re- 
searches, to which we bave already so often referred, gives farther infor- 
mation of much interest respecting such matters connected with the Hindu 
Hie apaton’ of the fixed stars as are passed witheul notice in our treatise, - 

He ares the rules laid down by different avthorities for calculating the” 
of heliacal rising of Agastya. or Canopus, upon which depends the. 
performance of certain religious ceremunies. He also presents a view, of 
the Hindu doctrine of the Seven Sages, or 7'xhis, by which name. 
known the bright stara in Ursa Major forming the well-known constéla 
tion of the Wain, or Dipper. ‘To these stars the ancient. astronomers: 
India, and many of the modern upon their authority, havg attributed an 
independent motion about the pole of the heavens, at the rate of 8’ yearl¢,: 
or of a complete revolution in 2700 years. The Sarya-Siddh&nta alludia?: 
; = & later passage (xiii. 9) to the Seven Sages, but it evidently is"to be 
Qe tood as rejecting the theory of their proper motion, which 1s also 
: igus by the Siddhaénta-Ciromani. That so absurd a dogma should . 
a ae originated: and gained a general currency in India, and thatit should 
ero itMelf in many of the astronomical text-books, is, however, 
a sh riking and significant a circumstance Zo ‘be left out of sight 3 in esti- 
‘the character of the ancient and native ¥ Hindu. astronomy. 
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CHAPTER IX. 
OF HELIACAL RISINGS AND SETTINGS. 


Oovrests ae subject of the agi - ©-3 under what circumstances, and at ‘which 

horlgon, » the planets rise and set heliacally ; 4-5, method of calculating their dis- - 

_ tances i in oblique sscension from the sun; 6-9, «distances from the sun at wih | 

.*they g, Gisappe: ur and re-appear; 10-11, lias to find the time of heliacal-setting or — 
: walng; past or tu come ;, 12-13, distancu from the sun at which the asterismagmd | 
ik fixed stars disappear and re-appear; 16-17, mode of determining their times of 
ft rising and ectting; 18, what asterisms and stara never set heliacally, * 

“L, Now is set forth the knowledge of the risings (udaya) and 
settings (asfamaya) of the heavenly bodies of inferior brilliancy, 
whosé orbs are overwhelined by the rays of the sun. 


The termes used for the helincal « ‘ttings and risings of the heavenly" 
bogie es, or their disappearance in the sun's neighbourhood and theit regen 
ibility, are precisely the same with those employed to denote their 
vain {ndayd) ail settine (sla, astamaya, astamana) above and bel 
the igrizon. The title of the chapter, uduydstédhikara, is litera 
translated in our headiny. 





2. Jupiter, Mars, aud Saturn. when tueir longitude is greater" 
than thatof the sun, go to their setting i the west: when if is 
less, to their rising i Lue cust: so likewise Venus and Mercury,‘ 
when retrogradiny. 

8. The moon, Mercury, and Venus, having a swifter motion, 
go to their setting in the cast when of less longitude than the 
sun; when of greater, to their rising in the west. 


“These spreifieations are of obvious mening and evilent correctness. 
The planets whieh have a slower motion than the stn, and <0 are ovey- 
taken by him, make their last appearance in’ the West, after sunset, and 

erge again into visibility in the east, before sunrise: of those which 

ove more rapidly than the sun, the coutrary is true: Venus and Mess! 
enry belong to cither class, according as their apparent motion is retro-- 
grade or direct. 


e4@aloulate the longitudes of the sun and of, the planet—in 
avest, for the time of sunset; in the east, for that of sunrise— 
and, then make also the calculation of apparcot longitude (drkkar- 
‘mian) of the planet. 
gi 6,. ‘Then the ascensional equivalent, in res ‘rations, of the in- 
‘dérval between the two (lagnéniara fra will give, when divid- 
,ed by sixty, the degrecs of’ time (kd/dneds); or, in the cies 
aaconsiona equivalent, in respirations, of the ‘interval bet 
the two when increased each by six signs. 






; , Whether a planet will or.wil} not be visible in the wan after ae 
gr in the east before map Jn in this treatise made to depend solely 


A TR Te 
-apion the interval of time by which ita-sefting follows, or its risit 
‘agdes, that of the sun, or upon its distance from the sun in“o 
aecension ; ‘to the neglect of those other circumstances—as the decline 
tion of the two bodies, and the distance and direction of the planet : 
from the ecliptic—which variously modify thé@Jimit of visibility as thus | 
defined. The ascertainment of the distance in oblique ascension, thea, - 
is the object of the rules given in these verses. In explaini _ the - 
gethod of the process, we will consider first the case of a calculation ‘ 
made for the eastern horizon. The time of sunrise having been.deter . 
mined, the true longitudes and ratcs of motion of the aun and the planes 
in question are found for that moment, as also the latitude of the planet. 
Owing to the latter's removal in latitude from the ecliptic, it will not ‘ 
ass the horizon at the same moment with the point of the ecliptic 
which determines its longitude, and the poiut with which it does actu- 
ally rise must be found by a separate process. This is accomplished 
by calculating the apparent longitude of the planet, according te the 
method taught in the seventh chapter. There is nothing in the lan- 
. gnage of the text which indicates that the calculation is not to be made 
in fill, re 
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as there prescribed, and for the given moment of sunrise: 
gotidueted, however, it would evidently yicld an erroneous reault "For, 
“the ‘planet being above the horizon, the point of the ecliptic to which 
jt.is then referred by a circle through the nerth and south points of the 
: horizon is not the one to which it was reterred by the horizon itself at 
fe moment of its own rising. The commentary removes this difficulty, 

y specifying that the aE dadetbevman. or that part of the process 
which gives the correction fur latitude, is to be performed “only as 
taught in the first half-verse"—that is, according to the former part of 
vii. 8, which contains the rule for determining the amount of the correc- 
tion at the horizon—omitting the after process, by which its value is 
made to correspond to the altitude of the planet at the given time. 
Having thus ascertained the points of the ecliptic which rise with the 
san and with the planet respectively, the corresponding equatorial inter- 
wal, or the distance of the planets in oblique ascension, 1s found by a 

Tale already given (iii. 50). The result is expressed in respirations of 
ercal time, which are equivalent to minutes of the equator (see above, 
J1-12); they are reduced to degrees by dividing by sixty: and the 
‘@egrees thus found receive the techmeal name of “ time-degrees” 
(Galdngds, kalabhdgds); they are also called below “degrees of setting” 
(astdngds), and “degrees of visibility” (dr¢eydngas), ae ae 

If the planet for which the calculation is made has greater longi *. 
thai the sun, the process, beiog adapted to the time of sunset, and to the 
western horizon, requires a slight modification, owing to the fact that the . 
equivalents of the signs in oblique ascension (iii. 42-45) are given only ~« 
as measured at the eastern horizon. Since 180 degrees of the ecliptic ‘*- 
are always above the horizon, any given point of the ecliptic will set at ~ 
the. same moment that another 180° distant from it rises; by oe. 
thén, six signs to the calculated positions of the sun and the planet, and .' 

_ ascertaining, by iii. 50, the ascensional difference of the two points so __ 
fot re Mails between the setsing of the aun and that of the planet... 
he defermined, — a | 
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going on to explain how, from: the result thus obtained, the 
time of the planet's disappearance or erm may be derived, the 
text defines the distances from the sun, in oblique ascension or “ degrees 
of time,” at which each planet is visible. . 


6, The degrees of setting (asténcds) are, for Jupiter, eleven; 
for Saturn, fifteen; for Mars, amcor they are ie ti Maas 
.. 7 Of Venus, the setting in the west and the rising in —— 
take place, by reason of her greatness, at cight degrees; the 
setting in the east and the rising in the west occur, owing to her 
inferior size, at ten degrees : 

8, So also Mercury makes his setting and rising at 4 distance 
from: the sun of twelve or fourteen degrees, according as he is 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (Kélalhagds), greater than 
these, the planets becume visible to men; at less distances they 
become invisible, their furni, hemg swallowed up (rasta) by the 
brightness of the sun. 


The moon, it will be noticed, is omitted here: her heliacal rising and 
setting arc treated of at the begimmng of the next followingchapter. ° 

In the case of Mercury and Venns, the linit of visibility is at a 
or leas distance from the sun according as the planet 1s approaching its 
inferior or supenor conjunction, the diminution of the dlummated poy 
tion of the disk being more than compensated by the enlargement of 
the disk itself when seen so mmch near to the earth. 

Ptolemy treats, in the last three chapters (\m. 7-9} of bis work, of 
the disappoarance anid re wppearanec ot the planets in the neighborhood 
of the sun, and dcfines the Jinnts of visibility of cach planet when in 
the sign Cancer, or where the cqnator and ecLptic are nearly parallel. 
His limits are considerably ditferent trom those defined im our text, being, 
for Saturn, 14°, tor Jumter, 12Y 40’; tor Mars, 14° 30/; for Venus and 
Mercury, in the west, 5° 40’ and 11° 3U’ respectively. \ 


10. The difference, in minutes, between the numbers thus sta- 
ted and the planct’s degrees of time (Addince’s), when divided 
the difference of daily motions—or, if the planet be retrogradi 
by the sum of daily motions—gives a result which is the time, 1m 






eic. 

ii. The daily motions, multiplied by the corresponding ascen- 
sional equivalents (éadlagntsavas), and divided by eighteen hun- 
dred, give the daily motions 1n time (Klay ‘t:); by means of these 
is found tho distance, in days etc., of the tie past or to come. 


Of these two verses, the second prescribes so essential a modification 
of the process taught in the first, that their arrangement might hee 







bésn more properly reversed. If we have ascertained, by the pre 

rates, the distance of a planct in oblique ascenaion from the sun, if 
Wwe know the distance in oblique ascension at which it will d pe or 
"fe-appeat, the interval between the Li moment and that at w dis- 
appearance or re-appearance will place may be seadily found by 
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.-@ividin By the rate of approach or separation of the two bodies the di¥- a 

‘iference between their actual distance and that of apparition and re poe 

, .tion : but the divisor must, of courso, be the rate of approach in oblique + 

 ggcension, and not in longitude. The former is derived trom the latter » 
by the following proportion: as a sign of the ecliptic, or 1800’, is to its - 
equivalent in oblique ascension, as found by iii. 42-45, so is the are of * 
the ecliptic traversed by each planct in a day to the equatorial equiva- , 
lent of that are. The daily rates of motion in oblique ascension thus 
ascertained are styled the “ time-motions” (Adlayati), as being commen- 

~ surate with the “time-degrees” (4dldnras). 


12. Svti, Agastya, Mrgavvidha, Citra, Jveshtha, Punarvasu, 
Abhijit, and Brahmahrdaya rise and set at thirteen degrees. . 
13. Hasta, Cravana, the Phaleunts, Gravishtha, Rohini, and 
Maghi become visible at fourteen devrees; also Vicikh& and 
Acvini. 
14. Krttika, Anuridhé (mditra), and Mila, and likewise Acle- 
~ sha and Ardra (rétudrarksha), are scen at lilteen degrecs; so, too, 
the pair of Ashiidhiis. 
+ 16. Bharani, Pushya, and Mrgasirsha, owing to their faintness, 
afe scen at twenty-one degrees; the rest of the astcrisms become 
visible and invisible at seventcen degrees. 


& . These are specifications of the distances from the sun in oblique as- 
cension (Adldneds) at which the asterisms, and those other of the fixed 
stara Whose positions were defined in the preceeding chapter, make their 
heliacal risings and settings. The asterisins we are doubiless to regard 
as represented by their junction-staurs (yoyatara). The classification 
here nade of the stars in question, according to their comparative mag- 
nitude and brilliancy, is in many points a very strauge and wnaccount- 
able one, and by no means caleulated to give us a high idea of the 
intelligence and care of those by whom it was drawal up. The first 
class, comprising such as are visible at x distance of 14° from the sun, 

_i8, indeed, almost wholly composed of stars of the first magnitude; one, 

aeely, Punarvasn (3 Gemiuorum), being of the first to seeond, and hav-: 

geee-for its fellow one of the first (« Gewinorum). But the second 
ie, that of the stars visible at 14°, alac contains four which are of the 
irst magnitude, or the first to second; namely, Aldebaran (Rohini), 
Regulus (Magha), Dench or @ Leonis (Uttara-Vhalguni), and Atair or 
e Aquile (Cravana); and, aloug with these, one of the second to third 
magnitude, 0 Leonis (Purva Vhalguui), three of the third, and one, 
¢ Libre (Vigikh&), of the fourth. In this last case, however, it might 

,be possible to regard « Libri, of the second magnitude, as the star 
which is made to detemninc the visibility of the asterism. Among 

the stars of the third class, again, which are visible at 15°, is one, 
@ Orionis (Ardra), which, though a variable star, does not fall below 
the first to second magnitude ; while with it are found ranked six stars 
of the third magnitude, or of the third to fourth. The class of those 

-wwhige are visible at 17°, and which are left unspecified, contains two . 

: tact of the fourth magnitude, but also two of the second, one of which, 
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ig Andromedae or y Pegasi (Uttara-Bh&drapadé}, is mesttioned below’ 
:(¥. 18) amiong those which are never obscured by the too near approach. 
: of the sun. The stars forming the class which are not to i seen: ' 
. within 21° of the sun are all of the fourth magnitude, but they are no 
leas distinctly visible than two of those in the preceding class; and in- 
deed, Bharani is palpably more so, since it contains a star of the third 
magnitude, which is perhaps (see above) to be regarded as its junctidn- 
star. Since Agui, Bratuna, Apimvatsa, aud Apas are not specially rien-: 
tioned, it is to be assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator: the first‘of: 
them (3 Tauri) is a star of the second magnitude; for the rest, seo +e 
last note to the preceding chapter. ee 
"Some of the apparent anomalics of this classification are mitigated or- 
‘removed by making due allowance for the various circumstances by. 
which, apart from its xbsolute brilliancy, the visibility of a star in the 
aun’s neihborhood is favored or the eontraryv—such as its distance and 
. direction from the equator aud ecliptic. and the part of the ecliptic im: 
Which the sun is situated during its dixappcarance. Many of them,’ 
however, du not admit of such explanation, and we cannot avoid regard- 
ing.the whole scheme of classitication as one not founded careful 
and long-continued observation, but hastily and roughly ‘drawn up:in 
the beginning, and perhaps corrupted later by unintelligent imitatory 
and copyists. iz 


16. The degrees of visibility (dreytaets), if multiplied by 
eighteen hundred and divided by the corresponding ascensional 
equivalent (2adaiisavas), give, as a result, the corresponding de- 
grees on the ecliptic (Astelrducds); by means of them, likewise, 
the time of visibility and of invisibility may be ascertained. — 


This verse belongs, in the natural order of sequence, not after the pas- 
sage next preceding, with whieh it has no special connection, but ‘after 
verse 11. Instead of reducing, as taught in that verse, the motiona up- 
on the ecliptic to motions in oblique ascension, the “degrecs of tame" 
(kdlan¢ds) may themselves be reduced to their equivalent upon the pr 
responding part of the eeliptic, and then the time of disappearancegg 
of re-appearance caleulated as before, using as a divisor the sun ¢ “Loge : 
ference of daily motions along the ecliptic. The proportion by Wie 
the reduction is made is the converse of that before given; namely, as 
the ascensional equivalent of the sign in which are the sun and the 
planet is to that sign itself. or 1800’, so are the “degrees of visibility” 
(drcydngds, or kéldngas) of the planct to the equivalent distance upon 
that part of the ecliptie in which it is then situated. The technical 
name given to the result of the proportion is hs efrdngds: kshetra is 
erally “ficld, territory,” and the meaning of the compound may be thru 
paraphrased: “the limit of visibility, in degrees, measured npom that 
part of the ccliptic which is, nt the time, the territory occupied by the 
planets in question, or their proper sphere.” = 


17. Their rising takes place in the east, and their setting ir 
_ the weat: the calculation of their apparent longitude (drkkarman’ 
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Ay 6 8 mide according to previous rules; the ascertainment of: 
et da in days etc., is always by the daily motion of the aug: 
a ‘ e. . see ‘ 
:°:, This verse should follow immediately after verse 15, fo-which it ate 
" taches itself in the closest manner. The dislocation of arrangement in - 
"the latter part of this chapter is quite striking, and is calculated to ang:- 

 geat a suspicion of interpolations. ; . 

The directions given in the verse require no explanation : they are 

just such an adaptation of the processcs already prescribed tp the cnsé 
of the fixed stars as that made in verse 14 of the last chapter. The | 

' e@mmentary peints ont again that the calculation of the correction for 
latitude (ekshadrékarman) is to be made only for the horizon, or .éé- 


atated in the first half-verse of the rule. 


18. Abhijit, Brahmahrdaya, Svati, Cravana (vdishnava), Gra- 
vishtha (vdsava), and Uttara-Bhadrapadi (ahirbudhnya), owing to 
their northern situation, are not extinguished by the sun’s rays. 


It may, seem that it would have cen a more orderly proceeding to 
" omit thefttars here mentioned from the specifications oft verses 12-15 
above ; ‘but there is, at least, no inconsistency or inaccuracy in the double 
+. statement of the text, since some of the stars may never attain that dia- 
Ratance in oblique ascension from the sun which is there pointed out as 
‘their limit of visibility. We have not thought it worth the trouble to 
go through with the calculations, and ascertain whether, according to 
e data and methods of this treatise, these sia stars, and these alone, 
of those which the treatise notices, would never become invisible at 
Ujjayini. It is evident, however, as has already been noticed above 
Va 20-21), that the star called Braluna or PrajApati (6 Aurigi) is not 
+here taken into account, since it is 8° north of Grahinahydaya, and con- 
sequently can not become invisible where the latter does not. 


. CHAPTER &. 


ar +. 
OF THE MOON’S RISING AND SETTING, AND OF THE ELEVATION 
OF HER CUSPS. 


Oonrgxts :—1, of the heliacal rising aud setting of the moon ; °-5, how to find the 
interval from sunset to the setting or rising of the moon; 6-8, method of deters 
mining the moon’s relative ultitude and distance from the un at sunset; 9, to as 

- gertain the measure of the illuminated part of ber disk; 10-14, method of delia- 

gating the moon's appearance at sunset; 15, how to make {he’same calculation 

,, and.delinestion for sunrise. 


! 
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: “1. The caleulation of the heliacal rising (udaya) and setting 
'-{aeta) of the moon, too, is to be made by the rules already given. 
* Rt Swélve degrees’ distance froth the sun slie becomes vVisible-in © 
-<bs: west, or invisible in the cast. Oe em. 
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oe, ermining.the time of the moon’s disappearance in thE neighbor.” 
ANOS GF the sun, or of her emergence into visibility again Lat hai the? 
 igphier’é of his rays, no new rules are required; the same methods being 


* employed as were made use of in ascertaining the time of heliacal set- 
ting and rising of the other planets: they were stated in the preceding - 
chapter. The definition of the moon’s limit of visibility would -have- 

. been equally in order in the other chapter, but is deferred to this. i. 

. order that the several processes in which the moon is concerned may’, 
be brought together. The title of the chapter, ernagonnatyadhikéra;’: 
“chapter of the elevation of the moon's cusps” (raga, literally “ hora”), 
properly applies only to that part of it which follows the fifth verse. - 

e degrees spoken of in this verse are, of course, “ degrees of tml 





(44l4ngds), or in oblique ascension. 


2. Add six signs to the longitudes of the sun and moon ré- 
a aeeiae y, and find, as in former processes, the asccnsional equiv" 
alent, in respirations, of their interval (lagndntardsavas) : if the. 
sun and moon be in the same sign, asccrtain thcir interval in 
minutes, 

3. Multiply the daily motions of the sun and moon by the re- 
sult, in nédis, and divide by sixty; add to the longitude of each 
the correction for its motion, thus found, and find anew theig in-- 
terval, in respirations; 3 

4, And so on, urtil the interval, in respirations, of the su: 
and moon is fixed: by so many respirations does the moon, in 
the light half-month (cuila), go to her setting after the sun. 

5. Add half a revolution to the sun's longitude, and calculate 
the corresponding interval, in respirations: by so many respira- 
tions does the moon,'in the dark half-month (Arshnapaksha), come... 
to her rising after sunset. 


The question here sought tu be solved ig, how long after sunset upon 
any given day will take place the setting of the moon in the crescent 
_half-month, or from new to fall moon, and the rising of the moon in 
&the waning hualf-month, or from full to new moon. The general procesg.. 
is the same with that taught in the last chapter, for obtaining a like: 
result as regards the other planets or fixed stars: we ascertain, by the 
rules of the seventh chapter—applying the correction for the latitude , 
according to its value at the horizon, as determined by the first part of 
vii, 8—the point of the ecliptic which sets with the moon; and then the 
distance in oblique ascension between this and the point at which the. 
aun set will measure the required interval of time. An additional cor- 
rection, however, needs tu be applied to the res it of thia process in the 
case of tho moon, owing to her rapid motion, nd her consequent fae": 
éeptible change of place between the time of sunsct and that of het wi 
aetting or rising : this is done by calculating the amount of her ‘Motion 
during the interval as firat determined, and adding its equivalent .in ob- 
lique ascension to that interval; then calculating her motion anew for 
. the inoreased interval and adding its ascensional equivalent—and ao op, 
<< Wutil the desiréd degree of accuracy is attained. fae ae 
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" The ae thus explained, however, is not precisely that: which is’. 
prescribed in the text. We are there directed to calculate the amount: 
- af: motion both of the sun and moon during the interval between the - 
“petting of the sun and that of the moon, and, having applied them to, 
the longitudes of the two bodics, to take the ascensional equivalent of 
| the distance between them in longitude, as thus doubly corrected, for 
the precisc time of the setting of the moon after sunset. In one point- 
of view this is false and absurd; for when the sun has once passed the 
horizon, the interval to the setting of the moon will be atfected only by: 
her motion, and not at all by his. In another light, the process does not 
Jack reason: the allowance for the sun's motion is equivalent to a reduc- 
dion of the interval from sidereal (nédshaira) time to civil, or true solar 
SP esrcna) time, or from respirations which are thirty-six-handreths of the 
earth's revolution on its axis to such as are like parts of the time from 
actual sunrise to actual sunrise, Dut such a mode of ncasuring time is 
unknown elsewhere in this treatise, which defines (i. 11-12) and employs 
sidereal time alone, adding (ii. 69) to the sixty nadis which constitute a 
sidereal day so much sidereal time as is needed to make out the length 
of a day that is reckoned by any other method. It seems necessary, 
then, either to suppose a notable bhinder in this passave, or to recognize 
in it such a departure from the usual methorls of the treatise as would 
' show it to be an interpolation. Probably the latter is the alternative to 
‘:be chosen: it is, at any rate, that which the commentator prefers; he 
‘ pronounces the two verses beginniag with the second half of verse 2, 
and ending at the middle of versa 4, to be spurioas, and the, true text of. 
the Siddhants to comprise only the first half of verse 2 and the second 
of verse 4; these would form together a verse closely ahalogoua' in its 
‘method and expression with verse 5, which teaches’ the like, process “for 
‘moon-rise, in the waning lalf-month. Fortified by the anthority ‘ofthe 
,ecommentator, we are justilied in assuming that the Strye-Siddhhat 
‘originally neglected, in its proccsa for calculating the.tinse of the mogy's. 
 éetting, her motion during the interval between that time and suiseg,. 
. and that the omission was later supplied by another hand, from:-some 
. other treatise, which reckoned by sular time instead of sidertal. This. 
_ does not, however, explain and accoant for the second half of a 
2 verse; Which, if it has any meaning at all, diferent froni that conveyed 
ia the former part of the sane vorse, seems ta. signify that ¢hen the.syn 
. and moon are so near one another as to be in the same sign, the discord- 
. ance between distances on the ecliptic and their cquivalents upon the 
‘ equator may be neglected, and the difference of longitude in minutes 
taken for the interval of time iu respirations. 
Tf the time is between new and full moon, the object of the process is 
to obtain the interval from sunset to the setting of the moon; as both 
- take place at the western horizon, the two planets are transferred to the 
- gastera horizon, in order to the measurement of their distance In ascen- 
jot’ if, on the other hand, the moon has passed her full, the time of 
Pontise is sought; here the sun alone is transforred, by the addition of 
‘4eeO” to his longitude, to the castern horizon, a4 taught in verse 5. ‘The 
-<@iiistipn to be applied to the longitude of both planets is found by the. 
: fauliisar proportion—as sixty nidis are to-the given interval in nidis, so. 
' eh aS ae ; re . - 1+? 
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” 6, Of the declinations of the sun and moon, if their direction 
be the same, take the difference; in the contrary case, take the 
‘sum: the corresponding sine is to be regarded as south or north, 
according to the direction of the moon from the sun. “: 

7. Multiply this by the hypothenuse of the moon's mid-day: ° 
shadow, and, when it is north, subtract it from the sine of Jaty - 
tude (aksha) multiplied by twelve; when it is south, add it tor: 
the same. ” 

«8, The result, divided by the sine of vo-latitude (lambu), gives: 
the base (d/ia), in its own direction; the gnomon is the perpen- 
dicular (Koti); the square root of the sum ol’ tlivir squares is the ~ 
hypothenuse. 


1 
1 

rn J 
vel 


In explaining the method of this process, we shall tullow the guidance 
of the commentator, pointing out afterwards wherein he varies from 
the strict letter of the text: for illuetration we refer to the accompany- 
ing figure (Fig. 32). 

The figure represents the suuth-western quarter of the visible sphere, - 

Fic. 39 sec as projected npon the | 
nes plane of the meridian; Z being .” 
the zenith, Y the south point, 
WY the intersection of the 
horizontal and meridian planes, . 
and W the projection of the. 
west point. Let Z (2 equal the 
latitude of the place of obser- - 
vation, and let QT and QO he, 
the deelinations of the sun aud 
moon respectively, at the given’. 
time: then W4), ST, and NO- 
will be the projections of the - 
equator and of the diurnal cir- 
cles of the sun and moon. Sup- 
pose, now, the sun to be upon * 
the horizon, at S, and the moon , 
to have a certain altitude, being at M: draw from M the perpendicular . 
to the plane of the horizon M I, and join MS: it is required to know: 
the relation to one another of the three sides of the tnangle SLM, ig: 
order to the delineation of the moon's appear:nce when at M, or at the‘ 
moment of sunset. =: coat oe 
Now N:L is evidently the sine of the moo. s altitude at the given’: 
time, which may be found by methods already more than once described - 
and illustrated. And SL is seo agen of the two parts S N and NFi,.0f 
which the former depends upon the distance of the mooy in declinatigit , 
. from the sun, and the latter upon the moon's altitude. But SN jis ons,. 
of the sides of a right-angled triangle, in which the angle NSd js equal. 





_ to the observer's co-latitude, and N 6 to the sum of the sing of: declings' 
© tion of the sua, ¢d or Wa, and that of the mogn, Ng Honce 
ee 30 re ae : » Se 
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at an 38M :35N:: RB: SN 
ey sin co lat.: sam of sines of decL:: R: SN 


‘and | & N=(R X sum of sives of decl.) + an co-lat, 


¥n like manncr, since, in the triangle MN L, the angles at Mand N 
are respectively equal to the observer's latitude and co-latitudo, 


sn MNL:‘on LUN: ML.NL 
or sin co lat : sin lat . smalt..NL 
and N L=(sin alt. X sin lat ) — ain co lat. 


We have thus found the values of ML and the two parts of SL in 
terms of the general sphere, or of a circle whose radius is tabular radius : 
it is desired farther to reducc them to terms of a circle in which M 
shall equal the gnomon, 01 twelve digits And since the gnomon ws 
equal to the sine of altitude in a circle of which the hypothenuse of the 
corresponding shadow 1s radius (compare above, iii. 25-27 etc.), this re- 
duction may be effected by multip)y ing the quantities 1n question by the 
hypothenuse of the shadow and dividing by 1adius. That is to say, rep- 
resenting the reduced values of SN and N L by sn and nZ respectively, 


R:hyp.cshad ML gnom 
R hyp. shad SN en 
: R.byp shad NL al 
Substituting, now, in the second and thiid of these proporti 
ues of SN and N J, found for them above, and substituting 


@ 
fhird the value of the hy pothenuse of the shadow derived fro rst, 
we have 









; RX sum ein dec, RX gnom analt Xen lat. 
Bi hyp, shad. sincolat a ~ ginal. ~ gneolat 
which reduce to 
es hyp shad X sum ein decl, ad a lat X gnom 
su co lat ain co-lat 


Hence, if the perpendicular M L be assumed of the ccustant value of the 
gnomon, or twelve digits, we have 


SL == YP shad X sum ain decl )-+-(sin lat X gnom ) 
sin co lat 

In the case thus far considered the sun and mcon have been supposed 
upon oppgsite sides of the equator. If they are upon the same side, 
aun sétting at S/, or of their s:nes of declination, S‘d and Ne, are of 
the same direction, the value of S'N, the correspouding part of the 
base 8’ L, will be found by treating in the same manner as before the 
difference of the sinca, S’e, instead of their sum, In this case, too, the 
value of S’e being north, 8’N will have to be subtracted from NL to 
give the base S’L. Other positions of the two luminaries with respect 
to one another are suppossble, but those which we have taken are suffi- 
- gient to illustrate all the conditions of the problem, and the method of 

solntion. 
It. is evident that, in two points, the process as thus explained by the 
i tator is discordant with that which the text prescribes. The 
| in the first place, tells us to take, not the sum or difference of the 
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sines of declination, but the sine of the sum or difference of declinations, 
an the side 5 N of the triangle SN. This seerts to be a mere inaccu- 
racy on the part of the text, the difference between the two quantities, 
which could never be of any great amount, being neglected : it ie, how- 
ever, very hard to see why the leas necurate of the two valuations of the | 
quantity in question should have been selected by the text; for it is, if 
anything, rather less easy of determination than the other. The other 
discordance is one of much more magnitude and importance : the texf 
speaks of the “hypothenuse of the moon's mid-day shadow” (madhydh- 
nenduprabhdkarna), for which the commentary substitutes that of the 
shadow cast by the moon at the given moment of sunset. The con 
mentator attempts to reconcile the discrepancy by saying that the text 
means here the moon’s shadow as calculated after the method of a noon 
shadow 4 or again, that the time of sunset is, in effect, the middle of the 
day, since the civil day is reckoned from sunrise to sunrise: but neither 
of these explanations can be regarded as satisfactory. The comments 
tor farther urges in support of his understanding of the term, that we 
are expressly taught above (vii. 11) that the calculation of apparent 
longitude (drkkarman) is to be made in the process for finding the ele- 
vation of the moon's cusps: while, if the hypothenuse of the moon's 
meridian-shadow be the one found, there arises no occasion for making 
that calculation. It seems clear that, unless the commentator’s under- 
standing of the true scope and method of the whole process be errons- 
ous, the substitution which he makes must necessarily be admitted. This 
is a point to which we shall recur later. 


9. The number of minutes in the longitude of the moon di-- 
minished by that of the sun gives, when divided by nine hun- 
dred, her illurninated part (eka): this, multiplied 2 the num-- 
ber of digits (angula) of the moon's disk, and divided by twelve, 
gives the same corrected (sphutq). 


The rule laid down in this veise, fur determining the measure of the 
illuminated part of the moon, applies only to the time between new 
2,moon and full moon, when the moon is less than 180° from the sun: 
' when her excess of longitude is more than 180°, the rule is to be ap- 
plied as stated below, in verse 15. As the whole diameter of the moon 
is illuminated when she is half a revolution from the sun, one half 
her diameter at a quarter of a revolution’s distance, and no part of it af 
the time of conjunction, it 1s assumed that the illuminated portion of her 
diameter will vary as the part of 180° by which she is distant from the 
sun; and hence that, assuming the measure of the diameter of her 
disk to be twelve digits, tho number of digits i!luminat: d may be foujidl 
by the following proportion: as half a revo ition, or 10,800", ist tw 
twelve digits, so is the moon’s distance from the sun in minates to the 
gorresponding part of the diameter illuminated: the substitution, ire the 
first ratio, of 900: 1 for 10,800: 12, gives the rule as stated in the tekt. 
Here, it will be noticed, we have for the first and only time the Gresk 


tnethod of measuring the moon’s diameter, by equal twelfthe, or ah 


from this scale a farther reduction is made to the Binds a 
determined by the methods of the fourth chapter {sed above, iv. 9-3, 


: Sdrya-Siddhdnig > - °° [xcte! 
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KS antther proportion: as twelve is to the true diameter in digits, so ie — 

abe result already found to the true measure of the part of the diameter. 
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_ 4 "Hb is not to be wondered at that the Hiidné did. nat tecognize-tho dl- 

: Hpticity of the line forming the inner bowndary: of thé yeoon's iMumina- 

, ‘ted part: it is more strange that they’ ignored. the dbvions ‘fact that, 
while the illuminated portion of the aaaine herical ‘surface visible from 
the earth varies very nearly as her (states Bot the sun, the apparent 

-breadth of the bright part of her disk, in which that surface is seen pro- 
jected, must vary rather as the versed sine ef her distance. 


10. Fix a point, calling it the sun: from that lay off: the base, 
in its own proper direction ; then the perpendicular, toward. the 
west; and also the hypotlicnusc, passing through the ex¢remity 
of the perpendicular and the central point. 

_11. &'zom the point of intersection of the perpendicular and 
the hypothenuse describe the moon’s disk, according to its di- 
mensions at the given time. Then, by means of the hypothe- 
nuse, first make a determination of directions; 

a,* pb Pettk icc yor upon wuestty pen nema, n “WG mie Ora ae 

* intersection with the disk, in an inward dircction, the 1 measure of 
the illuminated part: between the limit of the illuminated part 
and the north and south points draw two fish-figures (maisya) ; 

. 18, From the point of intersection of the lines passing through 

.,their midst describe an are touching the three points: as the disk 

 glteady drawn appears, such is the moon upon that day. 

«*: 14, After making a determination of directions by means of 
the perpendicular, point out the elevated (unna/a) cusp at the 
extremity of the cross-linc: having made the perpendicular 
‘(koti) to be erect (unnaia), that is the appearance of the moon. 

st 15. In the dark half-month subtract the longitude of the sun 

* increased by six signs from that of the moon, and calculate, in 

;*the same manner as hefore, her dark part. In this case lay off 

. ‘the -base in a reverse direction, and the vircle of the moon on the 
“west. | 

Having made the calculations prescribed in the preceding passages, 
we are now to project their results, and to exhibit a representation of 

‘the moon as she will appear at the given time. The annexed figure 

(Fig. 33) will illustrate the method of the projection. 
wy We firat fix upon a point, as S, which shall represent the position of 
(he sun’s centre upon the western horizon at the moment of sunset, and 

, we determine, in the manner taught at the beginning of the third chap- 

zy.ter, the lines of cardinal direction of which it is the centre. From this 

«point we then lay off the base (bhuja) S L, according to its value in dig. 
“448 as ascertained by the previous process, and northward or southward, 



















apaccording to its true direction as determined by the same process. From 
bile, itaextremity, is laid off the perpendicular (Koti), which has the fixed 
ee ‘of twelve digits. This, being a line perpendicular to the plane of 

i s botizon, may be regarded as having no proper direction of its own 
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upon the surface of projection: but the text directs us to lay ‘t off weit 
oe Fig. 39. - ward from EL, apparently in order that ti 


ern side of his base 5 L, and looking 
westward toward the setting sun, 


The western extremity of the perpen- 
dicular, M, represents the modn’s 
place, and from that as a centre, and 
with a radius equal to the semi-diam- 
eter of the moon in digits, as ascer- 





are to prolong the hypothenuse, SM, to ¢, and to draw, by the usual 
means, the line s2 at right angles to it: the directions upon the disk 
thus determined by the hypothennse, as the text. phrases it, are called by 
the commentary * moon-directions” (candradicas). The sun being at S, 
the illuminated halt of the moon's circumference will be s wn, the cusps 
will be at s and x», and w will be the extremity of the diameter of great- 
estillumination. [rom w, then, lay off upon the hypothenuse an amount, 
wz, equal to the measure in digits of the illuminated part of the diam- 
eter, and through s, 7, aud » deseribe an are of a circle, in the manner 
already more than once explained (sce above, vi. 14-16) ; the crescent 
sun will represent the amount and direction of the moon's illumina- 


the observer, standing upon the east- ' 


may have his figure duly before hin, - 


tained by calculation for the given ... 
moment, a circle is described, repre- - 
senting the moon's disk. Next:we - 


ted part at the given time. Now we once more make a determination. . 


of directions upon the disk according to (he perpendicular LM; that is, 


to say, we prolong I. Mito ¢, and draw 8’ nat right angl it: the’- 


directions thus established are styled in the commentary “ sun-directions” 
(stryadicas), although without obvious propriety : they might rather be 
called “apparent. dircetions,” or “ directions on the sphere,” since 8’ #’ 
should represent a line parallel with the horizon, and w’ ¢’ one perpendien- 
lar to it. The line s’n' is called in the text the “ cross-line” (tiryaksttra), 
and whichever of the moon’s cusps is found upon that line is, we are told,,to 
be regarded as the elevated (tnnaia) cusp, the other being the depressed 
one (nata). Whenever there is any base (bhwa), as SL, or whenever 


the moon and sun are not upon the same vertical line M L, there will — 


take place, of course, a tilling of the moon’s disk, by which one of her 


cusps will be raised higher above the horizon than the other; the rela- - 


tive value of the base to the perpendicular will determine the amount of . 
the tilting, and of the deflection of the points of direction nesw fram” 


n’e's'w': and the clevated cusp will always be that upon the same:giie 


of the perpendicular on which the base lics. What is meant 





Jatter half of verse 14 is not altogether clear. The commentator explains. 


it in quite a different manner from that in which we havo translate? itz- 


he understands Kofi as meaning in this instance “ cusp,” which sighifl-‘> 

cation it is by derivation well adapted to bear, and does actually receive,. 

although not in any other passage of this treatise: and he explains tha; 

verb rivé, “having made,” bY drshivd, “having seen”: the phrase® 
r 


would then read “beholding 


elevated cusp.” We cannot accupt 
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‘this explanation as a plausible one: to us the meaning seems rather to ; 
be that whereas, in the projection, the perpendicular (koti) LM is drawn 
of a horizontal surface, we are, in judging of the projection as an actual 
representation of the moon’s position, to conceive of that line as 
erected, set up perpendicularly. 
‘tu. We have thue far only supposed a case in which the calculations are 
‘Hhade for the inoment of sunset, the situation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is noth- 
ing whatever to limit or determine the time of calculation, and_it is evi- 
dent that the process of finding the hase and perpendicular will be pre- 
cisely the same, if S (Fig. 32) be taken upon the eastern horizon, and 
the triangle S L M in the eastern hemisphere. The last verse supposes 
these to be the conditions of the problem, and lays down rules for de- 
termining in such a case the amount of illumination, and for drawing the 
rojection. As regards the measure of the illuminated part, we are to 
fillow the same gencral method as before, only substituting for the 
myoon’s distance in longitude from the sun her distance from the point 
of opposition, and regarding the result obtained as the measure of that 
part of the diameter which is obscured (asita, “ black"): since, during 
the waning half-month, darkness grows gradually over the moon's face 
in the same manner as illumination had done during the crescent half- - 
month. But why the base (bh1/a) is now to be laid off in the opposite 
to its calculated direction, we find it very hard to see. The commenta- 
tor ‘says it is because all tle conditions of the problem are reveraed by 
owt having to calculate and lay off tho obscured, instead of the illumina- 
: fed, part of the moon's disk: but the force of this reason is not apparent. 
: The establishment in the projection of a point representing the position 
of the su@@fs, in ctfect, the onc condition which sufficiently determines 
all the reat: if we are to make a projection corresponding to that 
’ drawn in illustration of the other ease, we ought, it should seein, to 
draw the base in its true direction, and, stationing the observer upon the 
weatern side of it, louking eastward, to lay off the perpendicular away 
from him, toward the cast; and then to proceed as Lefore, only measur- 
img the obscured part of the diameter from ils temoter extremity, in- 
' gtead of from that next the sun. ‘This latter direetion is regarded by’ 
the commentator as actually conveyed in the final clause of verse 15: he 
interprets “the circle (mandala) of the nicon” te mean the dark part of 
the moon’s d@sk, or that which is te he pointed out as increasing during 
the waning half-month, and “on tlc west” to inean on the western side 
of the complete disk, which ix the side now turned away from the sun. 
' It seems to us exceedingly questionable whether the passage fairly admits 
. of this interpretation, but we have no other explanation of it to offer— 
’ ‘unless, indeed, it. is to be Jooked upon as a virtual repetition of the for- 
. mer direction to lay off the perpendicular, which determines the posi- 
» s¢ion of the moon's disk, towards the west. 
3” “We must confess that we feel less satisfied with our comprehension of 
fy the scope and methods of this chapter than of any that precedes it. We 
ox disappointed at finding the result arrived at one of so indefinite a 
‘S @arecter, and of so little significance. The wholo laborious calculation 
, Magns to be made simply for the sake'of delineating the appearance of 
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the moon at a given moment, and pointing out which of her two horns 
has the greater altitude. No determination is made of the amount of 
angular deflection, upon which any consequences, meteorological, astro- ' 
logical, or of any other character, could be founded; nor is any hint 
given of the way in which the results of the process are to be turned to 
account. Moreover, while the object aimed at seems thus to be merely. 
a projection, a time is selected at which the moon is not ordinarily visi- 
ble, so that she can not be scen to exhibit an accordance with her deline- 
ated appearance! Once more, the whole process is an extremely fanlty 
one: it is, in fact, only when the moon is herself at the horizon that her 
visible disk can be regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that e’w' and n’s’ (Fig. 33) repre- 
sent actual directions upon her face: anywhere else, the relations of the 
moon's disk at M in the first figure (Fig. 32) and at M in the other fig- 
ure (Fig. 33) are so different that the latter cannot fairly represent the., 
former. It would seem, indeed, as if the moment of the moon’s own’ 
setting or rising were the one for which such a calculation and projec- 
tion as this would have most significance: at that time, the disappear- 
ance or appearance of one of her horns before the other would be such 
a phenomenon as inight seem to a Hindu astronomer worth the trouble 
of delineating, as a decisive proof of the accuracy of his scientific 
knowledge. We have not found it possible, however, to make the rules 
of the text apply to such a case, and the commentary is explicit in its 
definition of the time of the calculation, as sunset or sunrise alone, to 
the exclusion of any other moment. But the discordance existing at 
more than one point in the chapter between the text and the commen-° 
tary sugvests the conjecture that the original design of the one and the 
traditional interpretation of it represented by the other may be at vari- 
ance, and we are not without suspicions that the text may have been 
altered, so az uot now fairly and accurately to represent any one consist- 
ent process. A better understanding of the general object of the caleu- 
lation and the use made of its results, and an acquaintance with the so- - 
lutions of the problein presented by other astronomical treatises, might 
throw additional light upon these points; but we are not able at present 
fully to avail ourselves of such assistance, nor is the importance of the 
subject such as to render incumbent upon us its fuller elucidation. 
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CHAPTER Xl. | 
OF CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON. .. 


Correnrs :—~-1-5, definition and description of the malig. int aspects of the sup and 
moon, when of equal declination; 6-11, to find the ‘ongitude of the sui-and 
moon when their declinations are equal; 12-13, to ascertain the corresponding 
time ; 14-15, to determine the duration of the aspect, and the moment of its be- 
ginning and end; 16-18, its continuance and its influences; 19, when such an as- 
pect, may occur more than once, or not at all; 20, occurrence of the yoga of like 
name and character; 21, of unlucky points in the circle of asterisma; 2°, caution 
as to these unlucky aspects and points; 28, introductory to the following chapters, 
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1. When the sun and moon are upon the same side of cither 
solstice, and when, the sum of their ‘longitudes being a circle, 
‘they are of equal declination, it is styled vdidhria, 

2. When the moon and sun ure upon opposite sides of either 
solstice. and their minutes of declination are the same, it 13 
-vyatipdia, the sum of their longitudes being 4 half-circle. 

8. Owing to the mingling of the nets of their equal rays, fhe 
fire arising from the wrathfulness of their gaze, being driven on 
by the provector (praruha), is originated unto the calamity of 
mortals. 

4, Since a fault (pate) at this time often causes the destruction 
of mortals, it is known as eyutipdta, or, by a difference of title, 
vdudhrti. 

5. Being black, of frightful shape. bloody-cyed, big-bellied, the 
source of misfortune to all, it is produced again and again. 


Of all the chapters in the treatise, this is the one which has least in- 
terest and value. [1 is stvled pafadhtkara, “ chapler of the pdlax,” and 
concerns itself with giving a description of the malignant character of 
the times when the sun and moon have equal declination, upon the same 
or upposite sides of the equator, and with laving down rules by which 
the time of occurrence of these malignant aspects may be caleulated. 
The latter part alone properly fills within the province of an astronom- 
ical treatixe like the present: the other would better have been left to 
works of a professedly astrological character, The term pia, applied to 
the aspects in question, means literally © fall,” and hence also either 
“fault, transvression,” or “calunity.” We have often met with it above, 
in the sense uf “ node of a planet's orbit"; asso used, it was prohably first 
applied to the moon's nodes, because they were the points of dauger in 
her revolution, near which the sun or hersei was liable to tall into the 
‘Jaws of Rahu (sce above, iv. 6): and it was then transfered alse, dhongh 
without the same reason, to the nodes of the other pluiets. As it is 
emploved in this chapter, we translate it) simply + aspect." Why the 
time when the sun amd moon are equally distant from the equator should 
be looked upon as so especially unfortunate is not easy to discover, not- 
withstanding the lucid explanation furnished in the third verse. For the 
“provector’ (pravaha), the wind which carries tue planets forward in 
their orbits, see above, ii. 8.0 When the equal deelinations are of oppo- 
site direction, the aspect is denominated edéidhria, or vdidhrti. This 
word is a secondary «derivative from vidhrti, “holding apart, withhold- 
lng,” or from vidhria: it has been noted above (under ii. G5) as the 
name of the last yoya; and its use here is not discordant with that, 
since the twenty-seventh yoga also occurs when the sum of the long)- 
tudes of the sun and moon is 360°. ‘The title of the other aspect (pdiu), 
which occurs when the sun and moon are equally removed from thie 
equator upon the same side of it, is vyatipdia, which may be rendered 

‘“very excessive sin or calainity.” This, too, is the name of one of the 
yogas, but not of that one which occurs when the sum of longitudes of 
the sun and moon is 180°: the discordance gives occasion for the ex- 
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+ planation .contained in verse 20,below. Thie specification of the text, - 

. that the aspects take’ place when the sum of longitudes equals a circles: 
or a half-circle respectively, or when the two’ luminaries are equally dis: * 

_ tant from either solstice, or either, equinox, is not to be understood as 
exact: this would be the case if the moon had no motion in latitude; © 
but owing to that motion, the equality of declinations, which js the maim. 
thing, occurs at 2 tine somewhat removed from that of equality of dis- 
tance from the equinoxes: the latter is calied in the commentary ma- 
dhyapdata, “the mean occurrence of the aspect.” The tenna transfatéd : 
by us “upon the sume and upon the oppusite sides of cither sojstice® | 
are ekayanggata and vipuritiyanayuta, literally “situated in the same‘: 
and in contrary ayanas”; ayana being, as already pointed ont (end of” 
note to jij. 9-12), the name of the halves intu which the ecliptic: is 

. divided by the solstices. : 


6. When the lonyvitudes of the sun and moor, being.increased : 
by the degrecs ete. found for the eoineidence of the sdlatice with 
its observed place, are together nearly a circle or nefirly a half- 
circle, calculate the corresponding declinations. mae 

7. Then, if the declination of the moon, she being in an odd' 
uadrant, is, wlicn corrected by her latitude (vitshepa), greater 
than the declination of the sun, the aspect (pute) is already past; 
8. If less, it is still to come: in en even quadrant, the contrary; 
is the case. [f the moon's declination is to be subtracted from 
her latitude, the rules as to the quadrant are to be reversed. 


_ As in other processes of a similar character (sce above, iv, 1-83 vii. 
2-6), we are supposed to have found by trial, for the starting-point of 
the present calculation, the midnight neat pregecing or following the. 
oceurrence of the aspect in questien, and to have cictermined for that 
moment the longitudes aml rates of motion of both bodies, and the: 
moon's latitude. Tu finding the longitudes, we are to apply the correce 
tion for precessivn ;, this ix the menuing of the expression’ in verse 6, 
drktulyasddhitdngddi, whieh may be literalw translated “ degrees ete. 
calculated for accordance with observed place”; the reference is io the 
siinilar expression for the precession containgd in iii, UW. Next the de- 
clinations are to be found, and that of the moen as corrected for her lat- 
itude. And since, iu the odd qualrants—that is to say, the first and 
third, counting from the actual vernal equinox—declination is increasing, 
while in the others it is decreasing, if the declination in an odd ania 
rant of the moon, the swifter moving body, is already: greater than that 
of the sun, the time of equality of declination 1s svidently aleeady past," 
and the converse.’ But if, on the other hand, the moon's declination 
(using that tern in its Hindu sense) is so sinali, and her latitdde* so‘ 
great, being of aa ae directions, that her actual distance from the 
equator 4yneasured by the exccgs of the latter above the furmer, and so 
is of Giregtion contrary to that of her declination, then, as declination 
increases, distance from the equajér diminishes, or the contrary, and the 
conditions as formerly stated arg reversed throughout. ° 

mom . 31 so . S 
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9. Multiply the sines of the two declinations by radius, and di- 
vide. by the sine of greatest declination: the difference of the 
. §rgs corresponding:-to the yesults, or half that difference, is to be 
added. to the moon’s longitude when the aspect (pita) is to come ; 
uv; :10. And is to be subtracted from the moon’s longitude when 
‘fhe aspect is past, If the same quantity.be multiplied by the 
¥an’'s motion and divided by the moon’s motion, the result is an 
equation, in minutes, which is to be applied to the sun’s place, 
in the same direction as the other to the moon’s, 
11. So also is to be applied, in the contrary direction, a like 
equation to the place of the moon’s node. This operation is to 
be repeated, until the declinations of the two bodies come to be 


the same. 


By this process are ascertained the longitudes of the sun and moon 
at the time when their declinations are equal. Its method.may be briefly 
explained a8 follows. At the midnight assumed as the starting-point of. 
the whole calculation there is found to be a certain difference in the 

“two declinations : we desire to determine how far the paths of the two 
Iuminafies must be traced forward or backward, in order that that differ- 
ence may be removed; and this must be effected by means of a series 
of approximations. We commence our calculation with the moon, as 
being the body of mora rapid motion. By-.a proportion the inverse of 
that upon which the rule for deriving the declination from the longitude 
(ii. 28) is founded, we ascertain at what longitude the muon woald have 
the sun’s actual declination, and at what ‘longitude ‘she would have 
her own actial declination, as corrected by her latitude: the difference 
between the two results is a measure of the amount of motion in longi- 
tade, forward or backward, by which she would gain or lose the differ- 
ence of declination, if the sun remained stationary and her own latitude 
unchanged. Since, however, that is not the case, we are compelled to 
calculate the corresponding motivn of the sun, aud also the moon's lati- 
tude in her hew position; and in order to the laticr, we must correct the . 

lace of the node also for its retrograde invtion during the interval. 

é motions of the sun and node are found by the following proportion : 
as the moon’s daily motion is to that of the sun, or to that of the node, 
s0,ia the correction applied to» the moon’s place to that which must be 
applied-to the place of the sun, cr to that of the node. “A new set of 
positions in longitude having thus been found, the declinations are again 
to.be calculated, and the sainc approximative process repeated—and ..o 
on, until the desired degree of accuracy is attaincd. . 

The textpermits us to apply, as the correction for the place of the 
moon, either the whole or the half of the difference of longitude found 
asthe result of the first proportion: it is unessential, of course, in a 
process of this tentative character, what amount we assume as that of 

" the first correction, provided those which we apply to the placas of the 

sun and node be made to den, eins with {t: and there may bo cases 

4n which we. should be conducted mope, directly:to. the final result of the 
“process by taking only half of the difference, - a 
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.12. The aspect (pé/a) is at the time of equality of declivations ; 
if, thien, the ue longitude, as thus coca ‘or diminished, 

be less than her longitude at midnight, the aspect is past; if- 
greater, it is to come. . oe eee 

_ 18. The minutes of interval between the moon's — as 
finally established and that at midnight give, when # rite 
by sixty and divided by the moon’s daily motion, the time of the. 
aspect, in n4dis. | se 


'* We had thus -far found only the longitudes of thé sun and moon af 
the time of equality of declination, and not that time itself: the latter 
is now dérived from the former by this proportion : as the moon’s daily 
motion is to a day, or sixty nddis, so is the differegce between, the 
moon’s longitude at midnight and at the time of the aspect to the inter 
val between the latter time and midnight. 


14. Multiply the half-sum of the dimensions (ména) of the suit 

and moon by sixty, and divide by the difference of their daily 
motions: the result is half the duration (sthit:), in nadis ete. 
_ 15. The corrected (sphuta) time of the aspect (pdia) is the mid- 
dle: if that be diminished by the half-duration, the result is the 
time of the coimmencement; if increased by the same, it is the 
time of the end. 

16. The time intervening between the moments of the begin- 
ning and end is to be looked upon as exceedingly terrible, hav- 
ing the likeness of a conspming fire, forbidden for all works. 


The continuance of the centres of the sun and moon at the point of 
equality of declination is, of course, only momentary; but the aspect | 
and its malignant influences are to be regarded.as lasting as long as 
is virtual contact of the two disks at that point, or as long as a central 
eclipse of the stm would last if it took place there. Its hal-duration, 
then, or.the interval from its middle to its beginning or end respectively, 
is found by a proportion, xs follows: if in a day, or sixty nddis, the two 
centres of: the sun and moon become separated by a distance which is 
equal tothe difference of their daily motions, in how many nAdis will 
they become separated by a distance which is equal te the awn of their 
scini-diameters? or . 

iff. d. motions : 60 : : sum semi-diam. : half-duration 


And if this amount be subtracted from and added to the time of equal- 
ity of declination, the results wi be the moments at which the aspect 
wil] begin and end respectively. a 

Such is the plain and obvious meaning of the text in this p 
The commentator, however, in accordance with his interpretation of 
next following verse (see below), declares that tho aspect actually lasts 
as long ‘as any portion of the moon’s disk has the same declination with 
any i rah of ghat of the sun; and that, accordingly, it. conimences—. 
the moon’g declination being supposed to be increasing—-wheriéver her 
remoter livfib comes to have the same declination with the Wed¥er linib 
of the sun, and ends when her nearer ligt comes to have the aime de 
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clination with the remoter limb of the sun—the contrary beihg the case 
when her declination is decreasing. le acknowledges that the text 
does not seem to teach this, but puts in the plea which is usual with him 
’ when excusing a palpable inaccuracy in the statements or processes of 
the treatise ; namely, that the blessod author of the work, moved by pity 
for maukind, permitted here the substitution of difference of longitude 
for difference of «cclination, in view of the greater.ease of its calcula- 
-tion, and the insignificance of the error involved. That error, however, 
is quite the reverse of insignificant; it is, indecd, so very gross and pal- 
pable that we cannot possibly suppose it to have been committed inten- 
tionally by the text; we regard it as the easier assumption that the con- 
ditions of the continuance of the aspect. are differently estirnated in the 
text and in the commentary, being by the former taken to be as we have 
stated them abo®e, in out explanation ef the process, The view-of the 
matter taken by the commentator, if is true, is decidedly the more nat- 
ural and plausible one: there scems no good reason why an aspect. 
which depends upon equality of declination should be determined as to 
continuance by motion in longitude, or why the aspect should only oc- 
cur at all when the two centres are cqually distant from the equator; 
why, in short, there should not be partial aspects, like partial eclipses of 
the sun. If the doctrine of the commentary is a later development, or 
an independent forin, of that which the text: appears to represent, it is a 
naturally suggested one, and such as might have been expected to arise. 


17. While any parts of the disks, of the sun and moon have 
. the same declination, so long is there a continuance of this aspect, 
causing the destruction of all works. 

18. So. from a knowledge of the time of its occurrence, very 
great advantage 1s obtained, by means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 


We have translated verse 17 in strict accordance with the interpreta- 
tion of it presented in the eofnmentary, although we must acknowledge 
that we do not sec how that interpretation is to be reeonciled with the 
actual form of the text. The terin ed-tyanagata, which the commenta- 
tor renders “having cqual declination,” ix the same with that which in 
the first verse signified “ situated in the sume yuna” ; mandala, although 
it is sometimes used with the meaning “disk,” here attributed to it by 
him, is the word employed in that same verse for g “circle,” or “360°” ; 
and anwra, which he explains by ekadega, “any part,” never, so far as 
We know, is properly used in that sense, while it is of frequent occur- 
rence clsewhere in this treatise with the meaning “ interval.” The nat- 
ural rendering of the line would seem to be “ when there is between the 
sun and moon the interval of a ‘circle, situated in the same ayana.” 
This, however, yields no uscful meaning, since such a description could 
only apply to an actual conjunction of the sun and moon. We do not 
geo how the difficulty is to be solved, unless it;be allowed us, in-view of 
the dixcordance already pointed out as existing between the plain mean- 
ing of the preVions passage and that attributed to it by the commenta- 

tor, to assume that the text has been, tampered With in this verse, and 
nmde to furnish a different sense from that it originally had, partly by a 
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forced interpretation, but partly also by such an alteration of its readings 
as disables it from yielding any other intelligible meaning. 7 


19. When the equality of declinations of the sun and moon 
takes place in the neighborhood of the equator, the aspect may 


then again occur a second time: in the contrary case, it may fail 
to occur. a 


Near the equinox, where declination changes rapidly, the moon, ai 
the swifter moving body, may come to have twice, in rapid succession, 
the same declination with the sun, and upon the- opposite sides of: the 
equator. Near the solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon—if she happens to be nearer the 
a arg than the sun is, owing to her latitude*-may pass the region in 
which the aspect would otherwise be liable to ocenr, without having had 
a declination equal in amount to that of the sun. 


20. If the sum of the longitudes of the sun and moon, in min- 
utes, on being divided by the portion (bhoga) of an asterism 
(bha), yields a quotient between sixteen and seventeen, there is 
another, a third, vyatipdta. 


This is simply a special application of the rule formerly given (ii. 65), 
for finding, for any given time, the current periud named yaga. The sev- 
enteenth of tho serics, as is shown by the list there given, has the same 
name, vyaitpdia, with one of the aspects treated of in this chapter: 
judging from verse 22, below, it is, also regarded as possessing a like por- 
tentuus and malignant character. 


21. Of the asterisms (dhishnyw) Acleshi (sdérpa), Jyeshtha (din- 
dra), and Revati (paushnyu), the last quarters are jungtions .of 
the asterisms (Lhusandhi): the first quarter in the isms fol- 
lowing these respcctively is styled ganddnia. 

22. In all works, one must avoid the terrible trio of vpetindtas® 
as also the trio of ganddnias, and this trio of junctions of as- 
terisms. -— .. 7 


The division of the ccliptic into twenty-sevenths, or asterisms, coin- 
cides with its division into twelfths, or signs, at the ends of the ninth, 
eightceyth, and twenty-seventh asterisms, which are also those of the 
fourth, eighth, and twelfth signs respectively. To this innocent circum- 
stance it seems to be owing that those pointa, and the quarters of por- 
tions, or arcs of 200’, on either side of them, are regarded and stigma- 
tized as unlucky and ominous. Hence the ti'le bhasandhi ; sandhi is 
literally “ putting together, joint,” and dha is, a hag been noticed else- 
where (note to iii. 9-12), a name both of the asterisms and of the signs. 
In which of its various senses the word ganda is uscd in the compound 
ganddnic, we do not know. ; 


28. Thus hath been related that supreme, pure, exccllent, mys- 
terious, ahd grand system of the heavenly bodies: what else dost 
thon desire to know? 6 
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In this verse re-appears the personality of the revealer of the treatise, 
the incarnation of a portion of the sun, which has been lost sight of 
aince near the beginning of the -work (i. 7). The questiops addressed 
to him, in answer to this appeal, by Maya, the recipient of the revela- 
tion, introduce the next chapter, which, with the two that follow it, con- 

‘tains the additional explanations and instructions vouchsafed in reply. 
The last three chapters confessedly constitute a separate portion of the 
work, which’ is here divided into a pirva khanda and an uttara khanda, 
ora “former Part” and a “latter Part.” It is by no means impossible 
that the whole second. Tart is an appendix to the text of the SiddhAnta 
as originally constituted. 

The title. of the next following chapter is bhégolddhydya, “chapter of 
the earth-globe”: in the second part of the treatise the chapters are 
styled adhydya, ‘‘ lection,” instead of, as hitherto, adhtkdra, “ heading.” 


CHAPTER XII. 
COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION. 


Contznts :—1-9, inquiries; 10-28, development of the creative agencies, of the ele- 
ments, and of the existjng creation; 29-31, form and disposition of the stellar 
and planetary systems; 32-44, situation, form, structure, and divisions of the 
earth; 45-72, varying phenomena of night and day in different latitudes and 
zones; 78~77, revolutions of the stars and planets; 78-79, regents of the differ 
ent divisions of time; 80-90, dimensions of the planetary, stellar, and cthereal 
orbits. ; 

1. Then the demon Maya, prostrating himself with hands sup- 
pliantly joined before him who derived his being from the part 
of the Sun, and revering him with exceeding devotion, inquired 
9s follows: 

2. O blessed one! of what measure is the earth? of what 
form? how supported? how divided? and how are there in it 
‘ seven interterranean (pétdla) earths ? 

3. And how does the sun cause the varying distinction of day’ 
and night? how does he revoive about the earth, enlightening” 
all creatures? : 

4. For what reason are the day and night of the gods and of 
the demons opposed to one another? or how does that take place 
‘ by means of thé suu’s completion of his revolution? 

5. Why does the day of the Fathers consist of a month, but 
that of mortals of sixty nfdis? for what reason is not this latter 
everywhere the case ? ' 

" 6. Whence is it that the regents of the days, years, months, - 

‘and hours (hord) are not the same? How does the circle of as- 

teriams Srhagana) revolve? what is.tHe support of it with the 

planets 
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7. The orbits of-the planets and stars, uplifted from the earth 
one above another—what are their heights? what their inter- 
vals? what their dimensions? and what the order in which they 
are fixed? ° , 

8. Why are the rays of the sun hot in the summer, and not 
s0 in the winter? how far do his rays penetrate? How many 
modes of measuring time (m@na) are there? and how are they 


employed? 

9. lve these my difficulties, O blessed one, creator of creg- 
tures! for there is not found besides thee another resolver, who 
beholdeth all things. a 


The proper answers to these inquiries Commence at about the twenty- 
seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the revelator. All the questions then find their answers in this chapter, 
excepting that as to the methods of measuring time, which is disposed 
of in the fourteenth and concluding chapter. The subject of the thir- 
teenth chapter also scems not to be contemplated im the laying onf, in 
this passago, of the scheme of subjects to be treated of in the remain- 
der of the treatise. 


10. Having heard the words thus uttered with devotion by 
Maya, he then again promulgated this mysterious and supreme 
Book (adhyéya) : 

11. Listen with concentrated attention. I will proclaim the 
secret doctrine called the transcendental (adhydima): there is 
nothing which may not be bestowed on those who are exceed- 
ingly devoted to me. 

12. Vasudeva, the supreme principle of divinity (rahman), 
whose form is all that is (¢at), the supreme Person (purusha), un- 
mnanifested, free from qualities, superior to the twenty-five prin- 
ciples, imperishable, : 

13. Contained within matter (prakriz), divine, pervading every- 
thing, without and within, the attractor—he, having in the first 
place ereated the waters, deposited in them energy. .- 

14. That became a golden egg, on all sides enveloped in dark- 
ness: in it first became manifested the unrestrained, the everlast- 
ing one. 

45. He in the ab tary (chandas) is denominated the golden- 
wombed (hiranyagarbha), Ghe blessed; as b :ing the first (édi) ex- 
istence, he is called Aditya; as being generator, the sun. - 

16. This sun, likewise named Savitar, the supreme source of 
light (jyotis) upon the border of darkness—he revolves, bringing 
beings into being, the creator of creatures. 

17. He is extolled as natural illuminator, destroyer of dark- 
ness, great. The Hymns (reas) are his disk, the Songs (s@mént) 
his beams, the Liturgy (yajGnsh1) his form. 
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18. He, the blessed one, is composed of ‘the trio of ‘sacred 
scriptures, the soul of time, the producer of time, mighty, the 
sotl of the universe, all-penetrating, subtle: in him is the unl- 
verse established. : : 

19. Having made for his chariot, which is‘composed of the 
universe, a lies consisting of the year, and having yoked fhe 
peven metres as his steeds, he revolves continually. 

20. Three quarters aré immortal, secret ; this one quarter hath 
become manifest. In order to the production of the animated 
creation, he, the mighty one, produced Brahma, the principle of 
consciousness (ahkdnkara). 

21. Bestowing upon him.the Scriptures (veda) as gifts, and es- 
tablishing him within the egg as grandfather of all worlds, he 
himself then revolves, causing cxistence. 

22. Then Brahma, wearing the form of the principle of con- 
sciousness (ahankdra), produced mind in the creation : from mind 
th born the moon; from the cycs, the sun, the repository of 
ight; 

“98. From mind, the ether; thence, in succession, wind, fire, 
waters, earth—these five elements (mahdbhtitu) were produced 
by the successive addition of one quality. 

24, Agni and Saga, the sun ot moon: then Mars etc. were 
produged, in succession, ‘rom light, carth, ether, water, wind. 

25. Again, dividing himself twelve-fold, he, the mighty one, 
produced what is known as thc signs; and yct farther, what bas 
the form of the asterisins (2akshatra), tweuty-scven-fold. . 

26. Then he wrought out the whole animate and inanimate 
creation, from the gods downward, producing forms of matter 
(prakri) from the upper, middle, and lower currents (srotas). 

27. Having produced them in succcssivn, as stated, by a dif- 
ference of quality and function, he fashioned the distinctive char- 
acter of each, according to the showing of the Scripture (vedu)— 

28. That is, of the plancts, astcrisws, and starsy of the earth 
and of the universe, he the inighty onc; of gods, demons, and 
mortals, and of the Perfected (s¢ddha), in their order. 


We do not regard ourselves as called upon to enter into iy detailed 
examination of this metaphysical scheme of devclopment of the crex- 
tion, or to compare it critically with the similar schemes presented in 
other Hindu works, as Manu (chap. i), the prinas (see Wilson’s Vishgu 
Purana, Book I), ete. We will merely aie a few of its expressions, 
and of the allusions it contains. Vasudeva is an ordinary epithet of 
Vishnu, and its use in-the signification here given it seems indicative of 
Vaishnava tendencics on the part of the author of the scheme. The 
twenty-five principles referred to in verse 12 are those established by 
the Saukhya philosophy. The reference in verse 15, first half, is to Rig- 
Veda x.121. In the second half of the same verse we have a couple of 
falae etymologies: dditya comes, not fronx'#udi, “first,” but from aditi, 
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“eternity”; and to derive sérya, “sun,” from the root #2, “generate” 
(from which savitar actually comes), is beyond the usual measure of 
Hindu theologico-philosophical ctymologizing. The Hymns, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Veda, SAma-Veda, and Yajur-Veda. The “seven metres” (v. 19) are 
those which are most often employed in the construction of the Vedic 
hf¢mns: in ob of the Veda itself they are personified, and marvellous 
qualities and powers are ascribed to them. The obscure statement con- 
tained in the first half of verse 20 comes from verses 3 and 4 of the 
purusha-hymn (Rig-Veda x. 90:: the hymn is also found in others of 
the Vedic texts). The second half of verse 22 also nearly coincides 
with a passage (v. 13) in the same hymn. Of the five elements assumed 
by the Hindn philosophers, the first, ether, is said té be endowed only 
with the quality of audibleness; the second, air, has that of tangibility 
also; the third, fire, has both, along with color; to these qualities the 
fourth element, water, adds that of savor; the last, earth, possesses audi- 
bility, tangibility, color, savor, and odor: this is according to the doc- 
trines of the Sankhya philusophyv. In verses 24 and 25 we have speci- 
fications introduced out of consideration for the general character and 
object of this treatise: as also, in the part assigned to the sun in the 
history of development, we may perhaps recognize homage paid to its 
asserted author. Tor the beings called in verse 28 the “ perfected” (sed- 
dha), see below, verses 31 and 40. 


29. ‘This Brabma-egg is hollow: within it 1s the universe, con- 
sisting: of earth, sky, cte.; it has the form of.a sphere, like a 
receptacle made of a pair of caldrons. 

30. A circle within the Bralma-egg is styled the orbit of the 
ether (vyoman): within that is the revolution of the asteris 
(bha); and likewise, in order, one below the other, 

31. Revolve Saturn, Jupiter, Mars, the sun, Venus, Mercury, 
and the moon; below, in succession: the Perfected (siddha), the 
Posscssors of Knowledge (vidydédhara), and the clouds. 


The order of proximity to the earth in which the seven.planets arc 
here arranged is, as noticed alove (i. 51-52), that upon which depends 
the succession of their regency over the days of the weck, and so also 
the names of the latter. So far as the first three and the last are con- 
cerned, it is a naturally suggested arrangement, which could hardly fail 
to be hit upon by any nation having suflicient. skill to form an order of 
succession at all: the order in which tho sun, Mercury, and Venus are 
made to follow one another is, on the other hand, a matier of more ar- 
bitrary determination, and might have been w.‘h equal propriety, for 
aught we can sec, reversed or otherwise varicd. Of the supernatural 
beings called the “poxsessors of knowledge” (vidyddhara) we read only 
in this verse: the “perfected” we find again below, in verse,40, as inhab- 
itants of a city on the carth's surface. 


82. Quite in the middle of the egg, the earth-globe (6hf7ola) 
stands in the ether, bearing the supreme might of Brahma, whieh 
is of the nature of sclf-supporting force. 

32 
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. 88. Seven cavities within it, the abodes of serpents (niga) and 
demons (asuva), endowed with the savor of heavenly ‘plants, de- 
lightful, are the interterranean (pdiéla) carths. 

84. A collection of manifold jewels, a mountain of gold, is 
Meru, passing through the middle of the earth-globe, and pro- 
truding on either side. 

85. At its upper end are stationed, along with Indra, the gods, 
and the Great Sages (maharshi); at its lower end, in like man- 
ner the demons (asura) have their place—each the encmy of the 
other. 

86. Surrounding it on every side is fixed next this great ocean, 
like a girdle about tlic carth, dividing the two hemispheres of 
the gods and of the demons. 

37. And on all sides of the midst of Meru, in equal divisions 
of the ocean, upon islands (dvipa), in the different directions, are 
the eastern and other cities, fashioned hy the gods. 

38. Ata quadrant of the carth’s cireumfcrence castward, in 
the clime (varsha) Bhadri¢va, is the city famed as Yamakoti, 
having walls and gateways of gold. 

39. To the southward, in the clime Bhirata, is in like manner 
the great city Lanki: to the west, in the clime called Ketumiila, 
is declared to be the city numned Romaka. 

40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (sd/ha); in it dwell the magnapi- 

‘mons Perfected, free from trouble. : 

41. These are situated also at a distance from one another o 
a quadrant of the earth's circumicrence; to the north of them, 
at the same distance, is Meru, the abode of the gods (surr). 

42. Above them goes the sun when situated at the equinoxes ; 
they have neither equinoctial shadow nor elevation of the pole 
(akshonnaiz). 

43. In both directions from Mern arc two pole-stars (dhruva- 
lard), fixed in the midst of the sky: to those who arc situated in 
places of no latitude (nirakshu), beth these have.their place in 
the horizon. 

44. Hence there is in those cities no clevation of the pole, the 
two pole-stars being situated in their hortzon; but their degrves 
of co-latitude (lambaka) are ninety: at Meru the degrees of lat. 
tude (aksha) arc of the same number. , 


In these verses we have so much of geography as the author of the 
chapter has scen fit to connect with his astronomical explanations. For 
a Hindu account of the carth, it is wonderfully moderate, and frec froin 
falsehood. ‘Phe absurd fictions which the Purinas put forth as geogra- 

‘phy arc here for the most part ignored, only two or three of the features 
of their descriptions being retained, and those in an altered form. To 
tHe Puranas (ass especially Wilson’s Vishhu Purdna, Took IL, chap. 
ii-vi), the earth is a plain, of immense ‘iimnensions. Precisely in the 
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middle of jt rises Mount Mera, itself of a size compared with which the 
‘earth, as measured by the astronomers, is as nothing: it is said to be 
84,000 yojanas high, and buried at the base 16,000 yojanas; it has the 
ghape of an inverted cone, being 32,000 yojanas in diameter at its up-. 
per extremity, and only 16,000 at the carth’s surface. Out of this moun- 
tain the astronomical system makes the axis of the earth, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 

Pordnas declare the swnmit of Mcru, and the mountains immediately 

supporting it, to be the site of the cities inhabite:l Ly the different divin- 

ities, so also we have here the wods placed upon the northern extremity 

of the earth's axis, while their foes, the spirits of darkness, have their 

seat at the southern. The central circular continent, more than 100,000 
yojanas in diameter, in the midst of which Meru lies, is named Jamba- 

dvipa, “the island of the rose-apple tree”: it is intersected by six paral- 

lel ranges of mountains, running east and west, and connected together 

by short cross-ranyes: the countries Iving between these ranges are 

styled varshas, “climes,” and are all taliy named and described in the 

Puranas, as are the mountain-ranges themselves. The half-moon-shaped 

strips lying at the bases of the mountains on the eastern, southerp, west- 

ern, and northern edyes of the continent, are called by the same uames 

that are given by our text to the four insnlar climes which it sets up. 

Bharata is a real historical name, appearing variously in the early Hindu 

traditions; Kuru, or Uttara-Kurn, is a title applied in Hindu geography 

of a less fictitious character to the country or peuple situated beyond the 

range of the Himalaya; the other two names appear to ‘be altogether 
hnaginary, @he Puranas say nothing of citics in these four climes. 

Lanka, as noticed above (i. 62), is properly an appellation of the island , 
Ceylon; and Romaka undoubtedly comes from the name of the great . 
city which was the mistress of the western world at the period of lively 
commercial intercourse between ludia and the Mediterranean: the other 
two cities are pure figments of the imaginations Our treatise, it will be 
ubserved, ignores the system of continents, or dvipas, and simply sur- 
rounds the earth with an ocean in the midst, like a girdle: the Purinas 
encompass Jambidvipa about with six other @vipas, or insular ring- 
shaped continents, each twice as vast as that which it encloses, and each 
separated from the next by an veean of the same extent with itself. Of 
these seven occahs, the first, which washes the shores of Jambidvipa, is 
naturally enough acknuwledyed to be composed of salt wuter: but the 
second 1s of syrup, the third of wine, the fourth of clarified Lutter, the 
fifth of whey, the sixth of milk, and the last of sweet- water. Outside 
the latter is an uninhabited land of gold, agd on its border, as the out- 
most verge of creatiun, is the moustrous wall of t 1e Lokaloka mountains, 
beyond which is ouly nothiugness and darkness. 

The author of the Siddhanta-Ciromani, morc submissive than the 
writer of our chapter to the authority of tradition, accepts (GolAdby., 
chap. li) the scries of concentric continents and oceans. but gives them 
all a place in the unknown southern hemisphere, while he regards Jam- 
bidvipa as'occupying the whole of the northern. ; 

The pdétdlas, or interterranean cavitics, spoken of in verse 33, are also 
an important feature of the Puranic geography. If our author has not 
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had the good sense to reject them, along with the insular conginents, he 
at least passes them by with the briefest possible notice. In the Purinas 
they’ are declared to be each of them 10,000 yojanas -in depth, and 
their divisions, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the carth’s surface. 

It will be observed that the text, although exhibiting in verse 41 a 
distinct apprehension of the fact that the pole is situated to the north- 
ward of all points of the equator alike, yet, in describing the position 
of the four great cities, speaks as if there were a north direction from 
Meru, in the continuation of the line drawn to the latter from Lanka, 
and an east and west direction at right angles with this. 

For the terrestrial equator, eonsidered as a line or eircle upon the 
earth’s surtace, there is no distinctive name; it is referred to simply as 
the place “of no latitude” (niraksha, vyakshu). 


45. In the halfrevolution beginning with Aries, the sun, be- 
ing in the hemisphere of the, gods, is visible to the gods: but 
while in that beginning with Libra, he is visible to the demons, 
moving in their hemisphere. 

46. Hence, owing to his exceeding nearness, the rays of the 
sun are hot in the hemisphere of the gods in summer, but in 
ee a demons in winter: in the contrary season, they are 
slugyish. 

iy At the equinox, botl yods and demons sec the sun in the 
horizon; their aay and night are mutually opposed togach other. 

_ 48. The sun, rising at the first of Ares, while moving on 
‘northward for three signs, completes the former half-day of the 
dwellers upon Meru; 

49. In like manner, while moving through the three signs be- 
inning with Cancer, he completes the latter half of their day: 
e ar che the saine for the enemies of the gods while 

moving through the three signs beyinnins with Libra and the 
three beginning with Capricorn, respectively. 

50. Hence are their night and day mutually opposed to one 
another; and the measure of the diy and night is by the com- 
pletion of the sun's revolution. 

51. Their mid-day and midnight, which are opposed to one 
another, are at the end of cach half-revolution from solstice to 
solstice (ayana). The gods and demons each suppose themsel ve.: 
to be 7 seaage : y 

52. Others, too, who are situated upon the same diameter 
(sunasiitrastha), think one another underneath—as the dwellers 
in Bhadrigva and in Ketumfla, and the inhabitants of Lanka 
and of the city of the Perfected, respectively. 

563. Aud everywhere upon the globe of the earth, men think 
their own place to be uppermost: but since it is a globe in the 
ran where.should there be an upper, or where an under side 
or it 
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_ 54. Owing to the littleness of their own bodies, men, looking 
in every direction from the position they occupy, behold this 
earth, although it is globular, as having the form of a wheel. 

55. To the gods, this sphere of asterisms revolves toward the 
Tight; to the enemies of the gods, toward the left; in a situa- 
tion of no latitude, ditectly overhead—always in a westerly di- 
rection. ' 

56. Hence, in the latter situation, the day is of thirty n4dis, 
and the night likewise: in the two hemispheres of the gods and 
demons there take place a deticiency and an excess, always op- 
posed to one another. 

67. During the half-revolution beginning with Aries, there is 


always an exccss of the day to the north, iu the hemisphere of. 


the gods—sreater according to distance north—and a correspond- 
ing deficiency of the night; in the hemisphere of the demons, 
the reverse. 

58. In the half-revolution beginning with Libra, both the de- 
ficiency and excess of day and night in the two hemispheres are 
the opposite of this: the method of determining them, which is 
always dependent upon situation (dera) and declination, bas been 
before explained. } 

59. Multiply the carth's circumference by the sun’s declination 
in degrees, and divide by the number of degrees in a circle: the 
result, in ypjanas, is the distance from the place of no latitude 
where the sun is passing overhead. 

60. Swhtract from a quarter of the earth’s circumference the 
number of yojanas thus derived from the greatest declination : 
at the distance of the remaining number of yojanas 

61. There occurs once, at the end of the sun's half-revolution 
from solstice to solstice, a day of sixty nidis, and a night of the 
same length, mutually opposed to one another, in the two hemi- 
spheres of the gods and of the demons: 


.62. In the intermediate region, the deficiency and excess of- 


day and night are within the limit of sixty nddis; beyond, this 


sphere of asterfisms (b/c) revolves perversely. 
63. Subtract from a quarter of the earth’s circumference the 
number of ‘yojanas derived from the de-lination found by the 
sine of two signs: at that distance from the equator the sun is 
not secn, in the hemisphere of the gods, wh :n in Sugittarius and 
Capricorn ; 
64. So also, in the hemisphere of the demons, when in Gemi- 
ni and Cancer: in the quarter of the earth's circumference where 
her shadow is lost, the sun may be shown to be visible. 
» 65. Subtract from the fourth part of the earth’s periphery 
a) the number of yojanas derived from the declination 
ound by the sine of one sign: at the distance from the place of 
no latitude of the remaining number of yojanas, , 
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66. The sun, when situated in Sagittarius, Capricorn, Scorpio, 
and Aquarius, is not seen in the hemisphere of the gods; in 
that of the demons, on the other hand, when in the four signs 
commencing with Taurus. _ 

67. At Meru, the gods behold the sun, after but a single rising, 
during the half of bis revolution beginning with Aries; the de- 
mons, in like manner, during that beginning with Libra. 

68. The sun, during his northern and southern progresscs 
(ayana) revolves directly over a fifteenth part of the earth’s cir- 
cumference, on the side both of the gods and of the demons. 

69. Between those limits, the shadow is cast both southward 
and northward; beyond them, it falls toward the Meru of either 
hemisphere respectively. 

70. When passing overhead at Bhadrigva, the sun is rising in 
Bharata; it is, moréover, at that time, midnight in Ketumala, 
and sunset in Kuru. ; 

71. In like manner also he produces, by his revolution, in 
Bharata and the other climes, noon, sunrise, midnight, and sun- 
set, reckoning from cast to west. 

72. To one going toward Meru, there take place an elevation 
of the pole (dhkruva) and a depression of the circle of asterisms ; 
tu one going toward the place of no latitude, on the contrary, a 
depression of the former «nd un elevation of the latter, = 


This detailed exposition of the varying relutions of day and night in 
ditferent parts of the globe is quite creditable to the ingenuity, and the 
distinctuess of apprebension, of those by whom it was drawh out. It 
is for the most part so clearly expressed as to need no additional expla- 
nations : we shall append to it only a few bricf remarks. 

How far, in verse 46, a truc statement is given of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
question: the word which we have transluted “ nenrness” (dsannaid) has 
no right to inean “ directness, perpendicularity.” aud ygt, when taken in 
connection with the preceding verse, it may perhaps admit that siguifi- 
cation. The second chapter shows that the Iiimdus knew very well 
that the sun is actually nearer to the whole carth in avinter, or when 
near his perigee, than in summer. - . 

The expression ayandnta, “ai the end of an ayana,” employed in 
verses 51 aud 61, and which we have rendered by a paraphrase, miyh' 
perhaps have been as well translated, briefly and simply, “at either 
solstice.” Probably ayana, as used in the sense of “solstice” (xce above, 
end of note to iii. 9-12), is an abbreviated form of ayandénia, like jyé for 
jy4rdha (ii. 15-27), and akska tor akshonnats (i. 60). 

In verse 55, we have translated by “toward the right” and “toward 
the left” the adverbs savyam and apasavyam, which mean literally “ left- 
wise” and “ right-wise” ; that is to say, in such a manner that the loft 
side or the right side respectively of the thing making the revolution is 
turned toward that about which the revolution is made, tlis being the 
Hindu mode of describing the passing of one person about another per- 
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son ee thing, especially in respectful salutation and in religious cete- 
monial, : . 

The natural measure of the day and of the night is assamed in verse 
56 ote. to he the half of a whole day, or thirty nadis, and any deviation 
from that norm is regarded as an excess:(dhana, vrddhi) or a deficiency 
(rna, hani, kshaya), The former processes referred to at the end of 
verse 58 are those taught in ii. 60-62. 

We have already above (note to i, 63-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the 
earth's surface are nade in yojanas, aud mot in degrees. 

The expression “ perversely” (vipartta) in verse 62 is explained by 
the commentator to mean “in such manner that the rules as already 
given cannot be applicd”; since the sine of the ascensional difference 
(cara—sec ii. 61) as found by them would be greater than radius. 

The latter half of verse 64 is obscure: its meaning seems to be, as 
explained by the commentator, that over a corresponding portion of the 
carth’s surface in the contrary hemisphere the sun is continuously visible 
during the same period, the shadow of the earth, which is the cause of 
night, not covering that portion. 


78. The circle of asterisms, bound at the two poles, impelled 
by the provector (pravaha) winds, revolves eternally: attached 
to that are the orbits of the plancts, in their order. 

74, The gods and demons bchold the sun, after it is once risen, 
for half a year; the Fathers (yitaras), who have their station in 
the moon, for a half-inonth (paksha); and men upon the earth, 
during their own day. 

75. The orbit (Aakshd) of one that is situated higher up is 
large; that of one situated lower down is small. Upon a great 
eee the degrees are great; so also, upon a small one, they are 
small. 

76. A planet situated upon a small circuit (6hramana) traverses 
the circle of constellations (Lhagana) in a little time; one revoiv- 
ing on a large circle (mandala), in a long time. ° 

77. The moon, upon a very small orbit, makes many revolu- 
tions: Saturn, moving upon a sreat orbit, makes, as conipared ° 
with.her, a much less number of revolutions. 


The connection and orderly succession of subjects is by no means 
strictly maintained in this part of the éhapter. The seventy-fourth verse 
is palpably out of place, and is, moreover, in great part svperfinous; for 
the statement contained in its first half has alrea v twice been made, in 
‘verses 45 and 67, and in the latter passage in nearly the same terms as 
here: its Jast specification, too, is of a matter too obvious to call for 
notice. Nevertheless, the verse canndt well be spared from the chapter, 
since it contains the only answer which is vonchsafed to the question of 
verse 5, above, respecting the day and night of the Fathera. In the 
assignment of the different divisions of time, as single days, to different 
orders of beifigs, the month has been given to the priaras, ‘ Fathers,” or 
manes of the departed, and they are accordingly located in thé moon, 
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eath portion of whose surface enjoys a recurrence of day and night 
once in each Junar month. The next following verses, 75 to 77, are & 
rather unnecessary amplification of the idea already expressed in 1. 26— 
27; but they answer well cnough here as special a Aaipienes to the de- 
tailed exhibition of the measurements of the planetary orbits which is 
to follow. Before that is brought in, however, we have the connection 
again broken, by the intrusion of the two following verses, respecting 
the regents of ycars, months, days, and hours. 


78. Counting downward from Saturn, the fourth successively 
is regent of the day; and the third, in like manner, is declared 
to be the regent of the year; 

79. Reckoning upward from the moon are found, in succession, 
the regents of the months; the regents of the hours (hord), also, 
occur in downward order from Saturn. 


This passage appears to be introduced here as answer to the inquiry 
propounded in verse 6, above. Instead, however, of explaining why the 
ditferent divisions of time are placed under the superintendence and pro- 
tection of different planets, the text contents itself with reiterating, in a 
different form, what had already been said before (i. 51-52) respecting 
the order of succession of the regents of the successive periods; but 
adding also the important and significant specification respecting the 
hours, or twenty-fourths of the day. We have sufficiently illustrated 
the subject, in connection with the other passage; we will only repeat 
here that, the planets being regarded as standing in the order in which 
they are mentioned in verse 31, above, their successive regency over th-. 
hours is the onc tundamental fact upon which all the rest. depend, each 
planet being constituted lord also of the day whose first hour is placed 
under his charge, and so likewise of the month and of the year over 
whose first hour and day he is regent—neither the month nor the year, 
any more than the hour itself, being divisions of time which are known 
to the }lindus in any othef uses, and the name of the hour, hord, which 
is the Greek Gga, betraying the source whenee the whole system was 
introduced into India. 


80. The orbit (takshi) of the asterizms (lha) is the circuit 
(bhramana) of the sun multiplied by sixty: by so many yojanas 
docs the circle of the asterisms revolve above all. © : 

81. If. the stated number of revolutions of the moon in an 
Eon (kalpa) be multiplied by the moon’s orbit, the result is to 
be known as the orbit of the ether: so far do the rays of tlic sun 
penetrate. 

82.-If this be divided by the number of revolutions of any 
planct in an Jon (falpa), the result will be the orbit of that 
‘planet: divide this by the number of terrestrial days, and the 
result is the daily eastward motion of them all. 

88. Multiply this number of yojanas of daily motion by the 
oibit of the moon, and divide by a planet's own orbit; the re- 
sult is, when divided by fifteen, its daily motion in minutcs, 
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84. Any orbit, multiplied by the earth’s diameter atid divided 
by the earth’s circumference, gives the diameter of that orbit; 
and this, being diminished by the earth’s diameter and halved, 
gives the distancy of the planet. 


85. The orbit of the moon is three hundred and twenty-four 


thousand yojanas : that of Megcury’s conjunction (cighra) is one 
million and forty-three thousand, two hundred and nine: 

86. That of Venus’s conjunction (cighra) is two million, six 
hundred and sixty-four thousand, six hundred and thirty-seven: 
next, that of the sun, Mercury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred: 

87. That of Marsa, too, is eight million, one hundred and forty- 
six thousand, nine hundred and nine; that of the moon's apsis 
(ucca) 1s thirty-cizht million, three hundred and twenty-eight 
thousand, four hundred and eighty-four : 

88. That of Jupiter, fifiy-one million, three hundred and sev- 
enty-five thousand, seven hundred and sixty-four: of the moon's 
node, eighty million, tive hundred and seventy-two thousand, 
eight hundeed and sixty-four: 

89. Next, of Saturn, one liundred and twenty-seven million, 
six hundred aud sixty-cight thousand, two liundred and fifty-five : 
of the asterisins, two hundred and fifty-nine million, eight hun- 
dred and ninety thousand, and twelve: 

W0. ‘The entire circumference of the sphere of the Brahma-egg 
js eighteen quadrillion, seven hundred and twelve trillion, eighty 
billion, eight hundred and sixty-four million: within this is the 
pervasion of the sun's rays. 


We present below the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other 


treatises : ® 
Planet ote. Orbit, in yojanas. 

Mvon, 324,000 

“ —_ apsis, 38,328 484 

« node, 80,572,864 
Mercury (eonjunction), 1,043,209 
Venus (conjunction), 2,664,637 
Sun, 4,331,500 
Mars, 8,146,909 
Jupiter, ? 51,375 764 
Saturn, 127,668,255 
Asterisins, 259,890,013 
Universe, 18.71 2,080,864,000, 400 


We have already more than once (see above, notes to i. 25-27, ande 


iv. 1) had occasion to notice upon what principles the orbits of the plan- 
ets, a hero stated, were constructed by the Hindus. That of the mgon 
(sec ncte to iv. 1) was obtained by a truc process of calculation, from 
genuine dats, and is a tolerable approximation to the truth: all the 
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others.are manufactured ont of this. upon the arbitrary and fnise assump- 
tion that the mean'motion of all the planets, each upon its own orbit, is 
of equal absolute amount, and hence, that its appnrent value in each 
case, as secn by us, is inverscly as the planet's distance, or that the ai 
‘ mensions of the orbit are dizeetly as the time employed in traversing 
it, or as the period of sidereal revolytion. These dimensions, then, mity 
be found by various methods: upon dividing the circumference of the 
moon's orbit by her time of sidercal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (more exactly 
11,858.71693+-); aud maltiplving this by the time of sidereal revolu- 
tion of any planet, we obtain that planet's orbit. This is equivalent to 
making the proportion 


meon’s sid. rev.: planet's sid. rev. :: moon’s orbit: planei's orbit 


And since the times of sidereal revolution of the planets arc inversely 
as the number of revolutions made by them in any given period, this 
proportion, again, is equivalent to 

planet's no. of rev. in an .Kon : moon's do, :: moon's orbit : planet's orbit 


This is the form of the proportion from’ which is derived the rule aa 
stated in the text, only the latter designates the product of the multi- 
plication of the mvon's orbit by her number of revolutions as the orbit 
of the ether (ékd¢a), or the circumference of the Byahma-egy, within 
which the whole creation, as above taught, is enclosed. This is the same 
thing with attributing to the outermost shell of the universe one com- 
plete yevolution in an con (Aadpe), of 4,320,000,000 vears. 

There is one feature of the system exposed in this passage which to 
us is lutherto quite inexplicable: it is the assignment to the asterisms 
-of an orbit sixty times as grea® as that of, the sun. This, according to 
all the analogies of the system, should inply a revolution of the aster- 
isma eastward about the earth once in each period of sixty sidereal years. 
The same orbit is found allotted to them in the Siddhauta-Ciroinani 
(Ganitadhy., iv. 5), and it is to be looked upon, accordingly, as an es- 
sential part of the general Vindu astronomical svstem. We do not see 
how it is to be brought inty connection with the other doctrines of the 
system, or what can be its origin and iaport—unless, indeed, it be 
merely an application to the asterisms, in an entirely arbitrary way, of 
the general Jaw that everything must be male to revolve about the 
earth as acentre. We have noticed above (note to ii, 9-12) its incon- 
sistency with the doctrine of the precession adopted in this treatise, 

The dimensions of the several orbits stated in the text are for the most 
part correct, being such as are derived by the processes above explained 
from the numbors of siliereal revolutions given ina former passage (i. 29 
-34). There is, however, one exception: the orbit of Mercury, 4s so 
derived, is 1,043,207.8, and the number adopted by the text—which re- 
jects fractions throughout, taking the nearest whole number—should be, 
accordingly, —208, and not — 209. If we took as divisor the number of 
Mercury's revolutions in an Aton as corrected by the bia (see note to 
i, 29-34), we should actually obtain for his orbit the value given it by 
the text; the exact quotient being 1,043,208.73. But as nonce of the 
other orbits given are such as would be ound by admitting the several 
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corrections of the bija, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author-of the chapter made 
a blunder in one of his calculations.* ‘ 

The value of a minute of arc upon the moon's orbit being fifteen yo- 
janas (sec note to iv. 2-3), the value, in minutes, of any planct’s mean 
daily motion may be readily found from its orbit by the proportion of 
which the rule given in verse 83 is @statement, as fullows: as the dis- 
tance, or the orbit, of the planct in question is t» that of the moon, so 
is the moon’s mean motioy in minutes, or 11,"58.717 -+ 15, to that of 
the planet. sO : 

In verso 84 we are taught to calculate the distance of any planet from 
the carth’s surface : in order to this, we are first to find the diameter of 
the planet's orbit, adopting, as the ratio of the diameter to the circam- 
ference, that of the diameter to the circumference of the carth—the for- 
mer, of course, as calculated (1,59) by the false ratio of 1:./ 10. After 
being guilty of so gross an inascuracy, it is qifite superfluous,and a mere 
affectation of exactuess, to take into account so trivial a quantity as the 
radius of the earth, in estimating the phimet's distance from the earth. 

In the doctrine of the orbits of the planets, as here laid down, we 
have once more a total negation of the reality of their epieyclical mo- 
tions, and of their consequently varying distances from the earth in dif- 
ferent parts of their revolutiens. 


CUAPTER XITI. 


OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 


Coxtexts :-—1-13, consiruction and equipment of the armillary ephere; 13-15, po- 
sition of certain pointy and sines upon it; 15-16, its adjustment and revolution ; 
17-25, other instruments, especially ior the determination of time. 


1. Then, having bathed in a secret and pure place, béing pure, 
,adorned, having worshipped with devotion the sun, the planets, 
the astcrisms (Aa), and the elves (guAyaka), 

2. Let the teacher, in order to the instruction of the pupil— 
himself beholding everything clearly, in accordance with the 
knowledge handed down by successive communication, and 
learned from the mouth of the master (geirn)— 

8. Prepare the wonder-working fabric o* the terrestrial and 
stellar sphere (bhibhagola)... . 











* The last six verses of the chapter, which contain the numerical data, may very 
ogsibly be a Inter addition to its original content: the Ayiu-Akbari (as translated 
y Gladwin), in ite account of the ustronomy of the Hindus, which it professedly 

basds upon the Sdrya-Siddhdnta, gives these urbita (8vo. edgion, Londun, 18v0, 
ii, 806), but with the fractional parts of yojanas, as if independently derived from 
the data and by the rules of the text: the orbit of Mercury it states correctly, as 
1,043,2072 yojunas. 
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We have already remarked above ae to xii. 1-0) that the subject 
of this chapter is one respecting which no inquiries were addressed at 
the beginning of the preceding chapter by the recipient to the commu- 
nicator of the revelation, and that the chapter accordingly wears in some 
measure the aspect of an interpolation. It comes in here as furnishing 
a means of illustrating to thé pupil the mutual relations of the earth 
and the heavens-as explained in the last chapter—and yet not precisely 
as there explained ; for it gives a representation only of the earth and 
of the one starry concave upon which the apparent movements of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe has been declared to be constructed. 
The chapter has a peculiar title, unlike that of any other in the treatise : 
it is styled jyotishopanishadadhydya, “\cction of the astronomical Upa- 
nishad.” Upanishad is the name ordinarily given to such brief treatises, 
of the Jater Vedic period, or of times yet more modern, as are regarded 
as inspired ‘sources of philbsophical and thevlogical knowledge, and are 
looked upon with peculiar reverence : its application to this chapter is 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly also indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Sdrya-Siddhanta. 

The word bha, in verse 1, way mean cither the asterisms proper 
(nakshaira), or the signs (ré¢i), and is explained by the commentator as 
intended to include both. The qukyafas, “secret ones,” are a class of 
demigords who attend upon Kuvera, the god of wealth, and are the 
keepers of his treasures: why they are mentioned here, as objects of 
especial reverence tu the astronomical teacher, is not obvious. "The com- 
mentator explains the word by “ Yakshas ctc., lesser divinities.” In our 
translation of verse 3 we have followed the reading of the published 
text, which Colebrooke also appears to have had before him: our own 
manuscripts read, instead of bhibhagola, bhitmigola aud baimer gola, 
“sphere of the earth” simply. 

Colebrooke, in his essay On the Indian and Arabian Divisions of the 
Zodiac (As. Kes., 1x. 323 ctc.; Essays, ii, 321 ete.) to which we have 
already sq often had occasion to refer, prives 4 translation of part of this 
chapter, from the beginning: of the third to the middle of the thirteenth 
verse, as also a brief sketch of the armiliary sphere of which the con-- 
struction is taught in the Siduhanta-Giromani. {Ie farther furnishes ao 
description, and a comparison with these, of the somewhat similar in- 
struments employed by the Greeks, the Arabs, and the carly European 
astronomers. It las not seemed to us worth while to extract these d- 
scriptious and comparisons, or to draw up others from independent ana 
original sources: the object of the ILindu instrument is altogether differ- 
ent from that of the others, since it is intended mercly as an illustratio 
of the positions and motions of the heavenly bodies, while those are 
meant to subserve the purposes of astronomical observation; and its 
relation to them is determined by this circumstance: while it, of course, 
posecsses some of the circles which enter into the construction of the 
others, it is, upofthe whole, a very different and much more complicated 
and cumbersome structure. There js nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
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instruments of western nations: but, on the other hand, it may possi- 
bly admit also of being regarded as an independent Hindu device. . 


8.... Ilaving fashioned an earth-globe of wood, of the de- 
sired size, 

4, Fix o staff, passing through the midst of it and protruding 
at either side, for Meru; and likewise a couple of sustaining 
hoops (kakshdé), and the equinoctial hoop; 

5, These are to be made with graduated divisions (angula) of 
degrees of the circle (Lhaguna). .. . . 


The fixing of a solid globe of wood, representing the carth, in the 
midst of this instrument, is of itsclf enough to render impracticable its 
application to purposes of astronomical observation. For Meru, -the 
axis and poles of the varth, sce verse 34 of the preceding chapter. We 
are not informed of what relntive size the globe and the encompassing 
hoops are to be made, probably their relation is to be such that the 
globe will be « small one, contained within an ample sphere. The two 
“supporting hoops,” to whieh are to be attached all the mumcrous par- 
allels of declination hereafter deseribed, are, of course, to be fastened to 
the avis at right angles to one another, and to represent the equinoctial 
amd solstitial colures. The oommentary directly prescribes this, and the 
text also asstines it ina later passage (v.10). 

Colebrooke, following the en@ance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preeeding. It ean, however, admit of no reasonable question that 
the conneetion as established in our translation is the trae one: it is de- 
manded by the natural construction of the verses, and also yields a de- 
cidedly preferable sense. 


5.... Farther—by means of the several day-radii, as adapted 
to the sede established for those other circles, 

6. And by means of the devrees of declination and Jatitude 
(vikshepa) marked off upon the Jatter—at their own respective 
distances in declination, according to the declination of Arics 
etc., three 

7. Hoops are to be prepared and fastened: these answer also 
inversely for Cancer ete. In the same manner, three for Libra 
etc., answering also inversely for Capricorn ete., 
* 8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters. . . . 


The grammatical construction of this passage ‘s excessively cumbrous 
and intricate, and we cau hardly hope that the \-1siod which we have ° 
given of it will be clearly understood without farther explanations, Its 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles ont of which our instrument is te be constructed, namely 
those intended. to represent the two colures and the equator: we are 
next to add hoops for the diurnal circles described by the sun when at 
the pomts of connection between the different signs ‘of the zqdiac. Of 
these there will be, of course, threo north of the equator, one for the 
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sun at the end of Aries and at the beginning of Virgo, one for the sun 
at the end of Taurus and at the beginning of Leo, and one for the sun 
at the end of Gemini and the heginning of Cancer, or at the solstice : 
also, in the southern hemisphere, three others corresponding to these. 
The dimensions of which they must be made are to be determined by 
their several radii (which are called day-radii—see above, ii. 60), a3 
ascertained by calculation and reduced to the same ecale upon which the 
colures and equator were constructed. They arc then to be attached to 
the two general supporting hovps, or colures, each at its proper distance 
from the equator; this distance is ascertained by calculating the decli- 
nation of the sun when at the points in question, and is determined 
upon the instrument by the graduation of the two supporting hoops. 
This graduation is in the text called that for declination (&ranti) and 
latitude (vikshepa): it will be remembered that, according to Ilindu 
usage, the latter means distance from the ecliptic as measured upon a 
circle of declination. 


8... . Those likewise of the asterisins (Zia) situated in the 
southern and northern hemispheres, of Abhijit, 

9. Of the Seven Sages (suplarshayas), of Agastya, of Brahma 
etc., are to be fixed. ... 


If the orders given in these verses are to be strictly followed, our instru- 
ment must now be burdened with fortygtwo additional circles of diurnal 
revolution, namely those of the twenff-seven junction-stars {yogatdrd) 
of the asterisms and of that of Abhijit—which is here especially men- 
tioned, as not being always ranked among the asterisins (sec above, 
p- 208 etc.) —those of the seven other fixed stars of which the positions 
were stated in the eighth chapter (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the conspicuous stars in Ursa Major (sce end of 
the last note to the eighth chapter). Such impracticabie directions, 
however, cannot but inspire the suspicion that the instrument may never 
have been constructed exeept upon paper. 


9... . Just in the midst of all, the equinoctial (vdishuvat?) 
hoop is fixed. ; : 

10. Above the points of intersectien of that and the support- 
ing hoops are the two solstices (qyana) and the two cquinoxes 
(vishuval).... 


We have already noticed (note to iii. G) that the celestial equator de- 
rives its pame from the equinoxes through which it passes. It seems a 
little strauge that the adjustment of the’ hoop representing it to the two 
supporting hoops, which we should naturally regard as the first step in 
the construction of the instrument, is here assumed to be deferred until 
after all*the other circles of declipation are fixed in their placcs. 

. The word translated “ above” (urdhvam) in verse 10 requires to be 
understood in two very different senses, as is pointed out by the com- 
mentator, to make the.definitions of position of the solstices and of.the 
equinoxes both correct: the latter are sitnated precisely at the intersec- 
tion of the equinoctial eolure with the equator; the former at a distance 
of 24° above and below the intersection of the equator with the other 
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colure, or at the intersecfion of the colure with the third parallel of the 
sun’s declination, on either side of th@equator. — _ 


We are next taught how to fix in its proper position the hoop which - 
is to represent the ecliptic. 


10. . . . From the place of the equinox, with the exact num- 
ber of degrees, as proportioned to the whole circle, 

11. Kix, by oblique chords, the spaces (/shetra) of Aries and 
the rest; and so likewise another hoop, running obliquely from 
solstice (ayana) to solstice, 

12. And called the circle of declination (trdént): upon that 
the sun constantly revolves, giving light: the moon and the other 
planets also, by their own nodes, which are situated in the eclip- 
tic (apamandula), : 

13. Being drawn away from it, are beheld af the limit of their 
removal in latitude (vikshepa) from the corresponding point of 
declination. ... 


Instead of simply directing that a circle or hoop, of the same dimen- 
sions as those of the equator and colures, be constructed to.represent the 
ecliptic, and then attached to the others at the cquinoxes and solstices, 
the text regards it as neeessary to fix, upon the six diurnal circles of 
the sun of which the construction and adjustinent were taught above, 
in verses 5-8, the points of division of all the twelve signs, before 
the sclipti® lroop can be added to the instrument. In the compound 
firyanjyd, in verse 11, which we have rendered “ oblique chords,” we 
conceive jyé to have its own more proper meaning of “chord,” instead of 
that of “sine,” which, by substitution for jydrdha (see note to ii. 15-27, 
near the end), it has hitherto witumuly borne. We are to ascertain by 
calculation the measure of the chord of 30°, to reduce it to the scale of 
dimensions adopted fur the other great circles of the instrument, and 
then, commencing from cither cquinos, to lay it off, in an oblique direc- 
tion, to the successive diurnal circles, northward and southward, thus 
fixing the positions upun them of the initial and final points of the 
twelve signs; and through all these points the ecliptic hoop is to be 
miade to pass. 

It does not appear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ad- 
ded to the instrument. 

In verse 12 we have a name for the ecliptic. qpamandala, which does 
not occur elsewhere in the treatise. The word might be literally trans- 
lated “ off-circle,” and regarded as desiguating the circle which deviates 
in direction from the neighboring equator; but .t is more probably an 
abbreviation fur apakramamendala, which would mean, like the ordinary 
terius Ardntimandala, kraéntivrita, “ circle of dechnation.” 


18. . . . The oricnt ecliptic-point (lagna) is that at the orient 
horizon; the occident et (astamgacha?) is similarly determined. 
14. The meridian ecliptic-point (madhyama) is as calculated by 
the equivalents in right ascension (lankodayés), for mid-heaven 
(khamadhya): above. The sine which is between the meridian 


260 Sirya-Siddhanta, [xili, 15- 


(madhiya) and the horizon. (eshityja) is styled the clay-measure 
antycd). ae 

‘ 15. And the sine of the sun's aseensional difference (ecradala) 
is to be recognized as the interval between the equator (vishuvat) 
and the horizon... . 


These verses contain an unnecessary and fragmentary, as also a con- 
fused and blundering, definition of the positions upon the sphere of a 
few among the puints and lines which have been used in the calculations 
of the carlicr parts of the treatise. We are unwilling to believe that 
the passage is anything but a late interpolation, made by an awkward 
hand. For the point of the ecliptic termed lagna, or that one which is 
at any given moment passing the castern horizon, or rising, sce iii. 46— 
48, and note upon that passage. The like point at the western horizon, 
which the commentator here calls astalagna, “lagna of setting,” and 
which the text directs us to find “ina corresponding manner,” has never 
been named or taken inte account anywhere in the treatise: we have 
aeen above (as for instance, in ix. 4-5) thit all its processes into which 
distance in ascension enters as an clement are transferred for calculation 
from the occident to the orient horizon. For madhyalagna, the -point 
of the ecliptic situated upon the meridian, see above, iii, 19 and note. 
Although we have ordinarily translited the term by “ meridian ecliptic- 
point,” this being a convenient and exact definition of the point actually 
reférred to, we do riot regard the word madhya, occurring ingf, as mean- 
ing “meridian” in the sense in whieh jt js used in modern astronomy, 
nancly the great circle passing through the observer's zenith and the 
north and south points of lis horizon, For it deserves to-be noted that 
the text has no distinctive name for the meridian, and nowhere makes 

By reference to it as a cirele on thé sphere: it will be seen just below 
that, while the position of the horizon is defined, the meridian is not . 
contemplated as a cirele of sufiicient consequence to require to be rep- 
resented upon the illustrative armillary sphere. The commeutator not 
very infrequently has occasion tu speak of the reridiangand styles it 
yamyotiararrita, “south and north circle,” ce ardheaydmyottaravrita, 
“upperinost south and north cirele.” In the latter half of verse 14, 
where we have translated madhya by “ meridian,” it would liave been 
more cxact to say “mid-heaven,” or “the sun at the middle of his visi- 
ble revolution,” or “the sun when at the point called madhyalagna.” 
For the “ day-measure” (andyé), sec above, iil. 34-36. Its definition 
given licre ix as bad as it could well be: for, passing over the fact that 
the line in question is not properly a siue, and morcover that the texs 
does uot tell us in which of the numberless possible directions it is to be 
drawn from the meridian to the horizon, the line which it is attempted 
to describe is not the one which tho treatise regards as the antyd, but 
the correspondent of the latter in the small circle described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p. .88), for the line EG. A similar blunder is made in defining the 
sine of the sun’s ascensional difference (carajyd): the line ABB in the 
same figure, which is the’ earth-sine” (Aujyd, Ashitiyyyd), is taken, in- 
stead of its equivalent ip terms of 2 great circle, CG. - Morcover, the 
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“text reads “equator” (vishuvat—E C ip the figti¥e}here for “east and 
west hour-circle” (unmondala—C P the commentator restores the 
latter, and excuses the substitution by a false translation of the latter 
half of iti. 6, making it mean “the east and west hour-circle is likewise 


denominated the equinoctial circle.” 


Tu verse 14, lunkodayds is substituted for the more usual term Janko- 
daydsavas (sec above, iii. 49, and note), in the sense of “ equivalents of 
the signs in right ascension,” literally, “ at Lanka.” 


15. . . . Having turned upward one’s own place, the circle of 
the horizon is midway of the sphere. 

16. As covered with a casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokdloka. . . . 


The simple direction to turn upward one’s own situation upon the 
central wooden globe which represents the earth docs not, it is evident, 
contemplate any very careful or exact adjustinent of the instruinent. 

Verse 16 is very elliptical and obscure in its expressions, but their 
general meaning is plain, and is that which is attributed to them by the 
commentator. ‘The proper clevation having been. given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
midst, vr equally distant from its zenith and nadir, to represent the 
horizon. Then the part below is to be encased in a cloth covering, the 
upper hemisphere alone being left open. As thus gay Je the spliere 

_ is, a8 it were, girt about by the Lokaloka mountains. Lokaéloka is, as we 
have scen above (note to xii, 32-44), the name of the giant mountain- - 
range Which, in the Puranic geography, is mele the boundary of the 
universe: it Is apparently so called because it separates'the hi (lok) 
from the non-world (aloka); and as out of the VPuraniec Mezu the new 
astronoinical geography makes the axisand poles of the earth, so out of 
these mountains it makes the visible herizon. 

The “ wonder-working fabric of the terrestrial and stellar sphere” is 
now fully constructed, and only requires farther, in order_to its comple- 
tion as an edifying and instructive illustration of the relations of the 
heavens to the earth, to be set in motiun about its fixed axis, 


16... . By the application of water is made ascertainment of 
the revolution of time. 

17. One may céhstruct a sphere-instrument combined with 
quicksilver: this isa mystery; if plainly described, it would be 
generally intelligible in the world. 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (guru). In each successive 
age (yuqa), this construction, having become .ost, is, by the Sun’s 

19. Favor, again revealed to some one or other, at his 
pleasure. .. .- 


Here we have another silly mystification of a simple and compara- 
tively insignificant matter, like that already noticed at the end of the 
sixth chapter. The revolution of the machme of which the construc- 
tion has now been explained, jn imitation of the actual motion of the 

RT| 
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heavons about the earth, is something. so calculated.to strike the minds 
ofthe uninitiated with wonder§Mhat the means by which it is to be 
accomplished must not be fully explained even in this treatise, lest a 
should become too generally known: they must "be learned by ea 
pupil directly from his teacher, as the latter has received them by suc- 
cessive tradition, from the original and superhuman source whence they 
came. It is perfectly evident that such a fabric could only be made to 
revolve in a rude and imperfect way; that it should have marked time, 
and continued for any peried to correspond in position with the actual 
sphere, is impossible. 

The word which, upon the authority of the commentator, we’ have 
rendered “water,” in verse 16, is amrlasrdva, literally “having an im- 
mortal flow”: perhaps the phrase should be translated rather, “by 
managing a constant current of water.” 


19. . . . So also, one should construct instruments (yantra) in | 
order to the ascertainment of time. 
_ 20. When quite alone, one should apply quicksilver to the 
Wonder-causing instrument. By the gnomon (canku), staff (yashti), 
are (dhanus), wheel (cakra), instruments for taking the shadow, 
of various kinds, " 

21. According to the instruction of the preceptor (guru), is to 
be ‘gained a knowledge of time by the diligent. .. . 


The commentator interprets the first part of verse 20 in eorrespond- 
ence with the sense of the preceding passage: the application of mer- 
eury to a revolving machine, in order to give it the appearance of auto- 
matic wotion, must be made privately, lest people, understanding the 
method tog well, should cease to wonder at it. e instruments men- 
tioned in the latter half of the same verse are explained in the com- 
mentary simply by citations fromthe yanirddhydya, “‘ chapter of instru- 
ments,” of the Siddhanta-Ciromani (Goladhy., pp. 111-136, published 
edition). We will state, as briefly as may be, their character : 

The gnomon (¢anku) needs no explanation: its construction and the 
method of using it have been fully exhibited in the third chapter of our 
treatise. The “ staff-itstrument” (yeshityantra) is described as follows. 
A circle is descvibed upon a level surfice with a radius proportioned to 
that of the sphere, or to tabular radius, Ite car@jnal points are ascer- 
tained, and its east and west and north and sonth diameters are drawn. 
From the former, at either extremity, is laid off the sine.of ‘amplitude 
(agra) ascertained by calculation for the given day : the points thus ‘le- 
termined upon the circumference *of the circle represent the points on 
the horizon at which the sun rises and sets. Another circle, with a ra- 
dius proportioned to that of the calculafed diurnal circle of the day 
(dyujyd), is aleo described about the centre of the other, and is divided 
into sixty equal parts, representing the division of the sun’s daily revolu- 
tion into sixty nadis. Into a depression at the centre, the foot of a 
staff (yashii), equal in length to the radius of the larger circle, is loosel 
inserted. When it is desired to ascertain the time of the day, this ata 
Ja pointed directly toward the sun, or in such manner that it casts no 
shadow; its extremity then representa the place of the sun at the 
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‘moment upon the ‘sphere. Measure, by « stick, the distance of that 
extremity from the point of sunrise oMof sunset: this will be the chord 
of that part of the diurnal circle which is intercepted between the sun’s 
actual position and the point at which he rose, or will set: the value of 
the corresponding arc in nadis may be ascertained by applying the stick | 
to the lesser graduated circle. The result is the time since sunrise, or 
till sunset. 

The “wheel” (cakra) is a very simple instrnment for obtaining, b 
observation, the sun’s altitude and zenith-distance. ‘ It is simply a wheel, 
suspended by a string, graduated to degrees, having its lowest point 
and the extremities of tts horizontal diameter distinctly marked, and 
with a projecting peg at the centre. Whien used, its edge is turned to- 
ward the sun, so that the shadow of the peg falls upon the graduated, 
periphery, and the distances of the point where it meets the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the sun. From these, by the 
methods of the third chapter (iii. 37-39), the time may be derived. 

The “arc” (dhanus) is the lower half of the instrument just described 
—or, we may also suppose, a quadrant of it; since, only a quadrant is 
required for making the observations for which the instrament is em- - 
ployed. 

21. By water-mstruments, the vessel (kapdla) etc., by the pea- 
cock, man, monkey, and by stringed sand-receptacles, one may 
determine time accurately. 

22. Quicksilver-holes, water, and cords, ropes (czlba), and oil 
and water, mercury, and sand are used in these: these applica- 
tions, Loo, are difficult. 


The instruments and methods hinted at in these verses are only par- 
tially and obscurely explained by the commentator. The kapdla, “ cup” 
or “hemisphere,” is doubtless the instrument which is particularly 
described below, in verse 23. The nara, “man,” is also spoken of be- 
low, in verse 24, and is simply a gnomon ; it is perhaps one of a partic- 
ular construction and size, and so named from having about the height 
of aman. The peacock and monkey aro obscure. The “sand-vessels” 
(renugnrbha), which are “ provided with cords” (sas@ira), are probably 
suspended inetrumenjs, of the general character of our houf-gtasses. 
The commentator connects tliem also with the “peacock,” as if the 
latter were a figure of the bird having such a vessel in his interior, and 
letting the sand pour out of his mouth. In illustration of thé “ quick- 
silver holes” (pdraddrd) a passage is cited from: the SiddhAnta-Ciromani 
(as above), giving the description of an instrun.ent in which they are 
applied. It is a wheel, having on its outer edge a number of holes, of 
equal size, and at equal distances from one another, but upon a si 
line: these holes are filled half full of mercury, and sgopped at the-oriy 
fite : and iteis claimed that the wheel will then, if supported upon an 
axis by a couple of props, revolve of itsclf, The application of this 
method may well enough be styled “difficult”: if a machine so con- 
atructed would work, theHindus would be entitled to the credit of 
having solved the problem of perpetual motion. The descriptions of 
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one or two other somewhat similar machines are also cited in the com+ 
mentary from the Siddhanta-Cir@hani: the only new featare worthy of 
Notice which they contain is the application of the siphon, or bent tube, 
in emptying a vessel of the water it contains. 
It will have been noticed that, throughout the whole of this chapter, 
* the different parts or passages end in .the middle of a verse. In the 
twenty-tirst verse the coincidence between the end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregular- 
ity as is nowhere else committed in the treatise: the verse is made to 
consist of three half-clokas, instead of two, the whole chapter being 
thus allowed to contain an uneven number of lines. There are two or 
three very superfluous hialf-verses at the beginning of the chapter, the 
omission of any one of which would scem an easier and preferable 
method of restoring the regular and connected construction of the text. 


23. A copper vessel, with a hole in the bottom, sct in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 


This instrament appears to have been the one most generally and fre- 
quently in use among the ITindus for the measurement of tine : it is the 
only one described in the Ayin-Akbari (ii. 302). One of the common 
names for the sixtieth part of the day, ghati or ghatikéd, literally “ ves- 
sel,” is evidently derived from it: the other, nddt or nddikd, “ recd,” 

robably designated in the first place, and more pfoperly, a measure of 
ength, and not of time. A verse cite in the commentary to this pas- 
sage gives the form and dimensiuns of the vessel used : it is to be of ten 
palas’ weight. of copper, six digits (angula) high, and of twice that width 
at the mouth, and is to contain sixty palus of water: the hole in the 
bottom through which it is to fill itself is to be such as will just admit 
a gold pin four digits long, and weighing three and a third mdshas. 
The description of the Avin-Akbari does not precisely agree with this; 
and it is, indeed, sufficiently evident that an instrument intended for 
such a purpose could not be accurately constricted by Hindu workmen 
from measurements alone, but would have to be tested by comparison 
with some recogyized standard, or by actual use. 


24. So also, the man-instrument (narayanira) is good in the 
day-time, and when the sun is clear. The best determination of 
time by means of determinations of the shadow has been ex- 
plained? 

We have already noticed above, under verse 21, that the nora WAS A 
simple gnomon. The explanations here referred to are, of course, those 
which are presented in the third chapter. 

The concluding verse of the chapter is an encouragement held out to 
the astronomical Student. 


‘ — 

25. We who thoroughly knows the system of the planets‘and 
asterisms, and ‘the sphere, attains the world of the planets in the 
succession of births, his own possessor. 
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CHAPTER XIV. 
OF THE DIFFERENT MODES OF RECKONING TIME. 


Corrznrs:—1-2, enumeration of the modes of measuring time, and general explan- 
ation of their uses; 3, solar time’ 4-6, of the periods of eighty-six days; 7-11, 
of points and divisions in the sun’s revolution; 12-13, lunar time: 14, time of the 
Fathers; 15, sidereal time; 15-16, of the months and their asterisms; 17, of the 
twelve-year cycle of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of 
the gods, Prajapati. ond Brahma ; 22-26, conclusion of the work. 


1. The modes of measuring time (ména) are nine, namely those 
of Brahma, of the gods, of the Fathers, of Prajapati, of Jupiter, 
and solar (sdura), civil (s@vana), lunar, and sidereal time. 

2. Of four modes, namely solar, lunar, sidereal, and civil time, 
practical use is made ameng men; by that of Jupiter is to be de- 
termined the year of the cycle of sixty years; of the rest, no 
use is ever made. 


This chapter contains the reply of the sun's incarnation to the last of 
the questions addressed to him by the original recipient of his revela- 
tlonitaa above, xii. 8). The word ména, which pives it its title of md- 
nddhydya, and which we have translated ‘ mode of measuring or reck- 
oning time,” literally means simply “measure”: it is the same term 
which we have already (iv. 2-3) seen applied to designate the measured 
disks of the sun and invon. 


8. By solar (sdura) time are determined the measure of the 
daf and night, the shadacitimukhas, the solstice (ayana), the equi- 
nox (vishuvat), and the propitious period of the sun’s entrance 
into a sign (sankrénii). 


The adjective saura, which we translate “solar,” is agsecondary de- 
rivative from strya, “sun.” It is applied to -those divisions of time 
which are dependent on and determined by the sun’s actual motion 
along the ecliptic. The “day and night” measured by it are probably 
those of the gods and demons respectively ; see above, xii. 48-50." The 
solar year, aa already noticed (note to 1.12-13), is sidereal, not tropical ; 
it commences whenever the sun enters the first sign of the immovable 
sidereal zodiac, or when he is 10 minutes cast in longitude from the 
star ¢ Piscium. The solar month is the timo during which he continues 
in cach successive sign, or ate of 30°, reckonit. ¢ from that point. The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of 1’ in 517 years, assumed for the 
sun's line of apsides (sce above, i. 41-44); but it is, as has been shown 
above (note to i. 29-34, near the end), somewhat differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to the Strya-SiddbAnta, is thus stated by Warren 
(KAla Sankalita, p. 69) : vie 
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Duration of the several Solar Months. 





mel ee oe 9 Oren ene 


No. | - Name. | Duration. | Bam of duration. : 
es ees ee ee ee ees 
"| 1 | Vaigdkha, 30 55 3a 2 39/ 30 55 3a 39 


2 

a! Jydishtha, 3t 24 12 3 4 | 6a 19 44 5 20 
3: Ashadha, 3: 36 38 2 44| 93 56 a2 & 4 
| 4 . Cravana, | 3r 28 120 2 42/125 24 34 10 46 

5: BhAdrapada, | 3t 2 10 2 40{ 156 a6 44 13 26 

6: Acvina, 30 27° 22 2 38] 186- 54 6 16 4 
| 7 | Karttike, a9 54 7 2 35| 216 48 13 18 39 
; 8 | Margacirsha, 29 Jo 24 2 33 | 246 18 37 ar 132 
g . Pausha, , 29 20 53 2 dr | 275 39 30 23 43 
10 | Magha, 29 27 16 a 3a! 305 6 46 26 15 
rr | Phalguna, a9 48 24 2 33 | 334 55 10 28 48 
[ra : Caitra, 3o 20 21 2. 36 365 15 3: 31 24 





























The former passage (i. 12-13) took'no note of any solar day; in this 
chapter, however, such a division of time is distinctly contemplated : it 
is also recognized by the Siddhanta-Ciromani. (Ganit&dhy., 1i. 8), and 
seems to be, for certain uses, gencrally accepted. ‘The solar day is the 
time during which the sun traverses euch successive degree of the eclip- 
tic, with his true motien, and its length accordingly varies with the rap- 
idity of his motion: three hundred and sixty such days compose the 
sidereal year. In order to determine the solar day corresponding to an 
given moment, it is, of course, only necessary to calculate, by the meth- 
ods of the second chapter, the sun's true longitude for that moment. 
Hence it is a matter of very little practical account: all the periods re- 
garded as determined by it may be as well derived directly from the 
san’s longitude, without going through the form of calling its deggpes 
days. It is thus with the equinoxes, solstices, and entrances of the sun 
into asign (sankrénti, “ entrance upon connection with”): for the latter, 
and for the continuance of the propitious influences which are believed 
to attend upon it, see below, verse 11. The shadasilimukhas form the 
subject of the*hext following passage. 

The manuscript without commentary inserts hcre the following verse : 
“she day and night of the gods and demons, which is determined by 
the sun’s revolution through the circle of asterisms (bhacakra), and the 


number of the Golden (4ria) and other Ages, as already stated, is to 
be known.” 


4. Beginning with Libra, the shadacgitimukha is at the end of 
the periods of eighty-six (shadacit:) days, in succession: there are 
an of them, occurring in the signs of double character (dvisva- 

iva) ; 

5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. : 

, 6. From the latter point, the sixteen days of Virgo which re- 
main are suitable for sacrifices: anything given to the Fathers 
(pitaras) in them is inexhaustible. 
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_ We hate not been able to find anywhere any explanation of this cv 
rious division of the sun's path into ates of 86°, commencing from the 


autummal equinox, and Icaving an odd remnant of 16° at tho end of. 


Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet “of double character” (dvisva- 
bhdva) belongs to the four signs mentioned in verse ; judging from the 
connection in which jt is applied to them by Varaha-Mihira (Laghu- 
jataka, i. 8, in Weber's Indische Studien, ii. 278), it designates them as 
either variable (cara) or fixed (sthira), in some astrological sense. The 


term shadagitimukha is composed of shadagiti, “ cighty-six,” and mukha, © 


“mouth, face, beginning.” We do not understand the meaning of the 
compound well enpugh to venture to translate it. 


7. In the midst of the zodiac (bhacakra) are the two equinoxes 
(vishuvai), situated upon the same diametcr (samasfiraga), and 
likewise the two solstices (ayana); these four are well known. 

8. Between these are, in each case, two entrances (sankrénti); 
from the immediateness of the entrance are to be known the two 
feet of Vishnu. 

9. From the sun’s entrance (sankrdntt) into Capricorn, six 
months ure his northern ‘progress (uitardyana) ; so likewise, from 
the beginning of Cancer, six months are his southern progress 
(dakshindyana). 

10. Thence also are reckoned the seasons (riu), the cool season 
(sigira) and the rest, each prevailing through two signs. These 
twelve, commencing with Aries, are the inonths; of them is 
made up the Year. 


The commentator ‘explains samasiiraga, like samashirastha above 
(xii.. 52), to mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one another. 

The technical term for the sun’s entrance into a sign of thé zodiac is, 
’ gas noticed already, sankrénis (the commentary also presents the equiva- 
‘lent word sankramana); of these there take place two }etween each 
equinox and the prooading or following solstice. The Tatter half of 
verse 8 is quite obscure. The commentator appears to understand it as 
signifying that, in each quadrant, the entrance (sankrdénii) immediately 
following the solstice or equinox is styled “ Vishnu’s feet.” In the ear- 
liest Hindu mythology, Vishnu is the sun, especially considered aa occu- 
pying successively the three stations of the orient horizon, the meridian, 
and the occident horizon; and the three steps by which he strides 
through the sky are his only distinctive characteristic. These three 
steps, then, appoar under various forms in the |..ter Vaishnava mythol- 
ogy, and there is plainly some reference to them in this designation of 
the'sun’s entrances into the signs. It would secm easiest and most nat- 
ural to recognize in the three signs intervening between each equinox 
and solstice Vishnu’s three steps, and to regard the two intermediate 
entrances as the marks of his feet; this may Poms be the figuro in- 
tended to be conveyed by the language of the text. > 

The word réu means originally and literally any determined period of 
time, a “season” in the most general sense of.the term:; but it has also 
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been employed from very early times to designate the various divisions 
of the year. They were anciently reckoned as three, five, six, or seven ; 
but the prevailing division, and the only one in use in later times,‘is that 
into six seasons, named Cicira, Vasanta, Grishma, Varsha, Carad, and 
Hemanta, which may be represented by cool season, spring, summer, 
rainy season, nutumy, ond winter. Cicira begins with thg month Magha, 
or about the middle of January (sec note to i, 48-51, and the table 
given beluw, under vv. 15-16), and cach season in succession includes 
_two solar months. - : 


11. Multiply the number of minutes in the sun's measure 
(mdna) by sixty, and divide by his daily motion: a time equal 
to half the result, in nadis, is propitious before the sun’s entrance 
into a sign (sankrdntt), and likewise after it. ? 


The propitious influences referred to above, in verse 3, as attending 
upon the sun’s entrance into a sign, are regarded as enduring so long as 
any part of his disk is upon the point of separation between the two 
signs. This time is found by the following proportion: as the sun’s ac- 
tual daily motion, in minutes, is to a day, or sixty nidis, so is the meas- 
ure of his disk, in minutes, to the time which it will occupy in passing 
the point referred to. , 


12. As the moon, setting out from the sun,.m@ves from day to 
day eastward, that is the lunar method of reck6énihg time (ména) : 
a Junar day (ithz) is to be revarded as corresponding to tWelve 
degrees of motion. 

18. The lunar day (thi), the karana, the gencr@l ccremonies, 
marriage, shaving, and the eee of vows, fastings, and 
pilgrimages, are determined by lunar time. 

14. Of thirty lunar days is composed the lunar inonth, which 
is declared to be a day and a night of the Fathers: the end of 
the month and of the half-month (paksha) are at their mid-day 
and miduight respectively. | 


For the éthi, or lunar day, sce alnve, ii. 66: for the karana, see 
ii. 67-69. For the month considered #s the day of the piteras, or mancs 
of the departed, see note tu xii, 73-77. Manu (i. 66) pronounces the 
¢ day of the Fathers to be the dark :half-monti, or the fortnight from full 
moon to new moon, and their night to be the light half-month, or the 
fortnight from new moon jo full moon. With this mode of division 
might be made to accord that stated in the latter part of verse 14, bv 
rendering madhye “ between,” instead of “at the ntiddle point of”: we 
have translated according to the-directions of the commentator. 


15. The constant revolution of the circle of asterisms (bhaca- 
kra) is called a sidereal day. The months are to be known by 
the naines of the asterisms (nakshaira), according to the conjunc: 

tion (yoga) at the end of a, lunar period (parvan). 
- 16. To the mohths K&rttika etc. belong, as concerns the con- 
junction (samayoga), the asterisms Krttiké etc., two by two:. but 
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» 
three months, namely the last, the next to the last, and the fifth, 
haye triple asterisms. : 


The subject of sidereal time, although one of prominent importance 
in the present treatise, since the subdivision of the day is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
we find appended to it in the same passage matters with which it has 
nothing properly to do. 

We have already (note tu i, 48-51) had occasion to notice that the 
months are regarded as having received their uames from the asterisms 
(nakshaira) in which the moon became full during their continuance. 
According to Sir William Jones (As. Res., ii. 296), it is asserted by the 
Hindus “that, when their lunar year wds arranged by former astrono- 
mers, the moon was gt the full in each month on the very day when it 
entered the nakshaira, from which that month is denominated.” Wheth- 
er this assertion is strictly true admits of much doubt. Our text does 
not imply any such claim: it only declares that the month is to be 
called by the name of that asterisin with which the moon is in conjunc- 
tion (yoga) ut the end of the parcun: this latter word might mean either 
half of a lunar month, but is evidently to be understood here, as ex- 
plained by the commentary, of the light half (rudla puksha) alone, so 
that the end of the parran (purrdnuta) is equivalent to the end of 
the day of full moon (pérnimanta), or to the moment of opposition in 
longitude. Now it is evident that, owing to the incommensurability of 
dhe times of revolution of the sun and moon, as also to the revolution 
of the moon's line of apsides. full moon is liable to occur In succession 
in all the asterisius, and at all points of the zodiac ; so that although, 
ut the time when the system of names for the months originated and 
established itself, they were doubtless strictly applicable, they would not 
long continue to be so. lnstead, however, of being compelled to alter 
continually the nomenclature of the year, we are allowed, by verse 16, 
to calla month Narttika in which the fall of the moon takes place either 
in Krttika-or in Rohini, and so on; the twenty-seven asterisms being 
distributed among the twelve months as evenly as tle nature of the case 
admits. e 

At what period these names were first introduced into use is unknown. 
It must have becn, of course, posterivr to the establishment of the sys- 
tem of asterisins, but it was probably not much later, as the names are 
found in sume of the earlier texts which contain those of the nakshatras 
themselves. We can hardly suppose that they were not originally ap- 
ied independently to the lunar months; and certainly, no more suita- 
ble derivation could be found for the name of a l‘nar'’penod than from 
the asterisin in which the moon attained during i.3 coutinuance her full 
beauty and perfection. In later times, as we have already seen. (note to 
i. 48-51), the true lunar months are entirely dependent for their nomen- 
clature upon the solar months, according to the determination of the 
latter, as regards their commencement and dpration, by the data and 
methods of the modern astronomical science. ‘There has been handed 
down another system of names for the months (see Colebrooke in As. 
Res., vii. 284; Essays, i. 201), which have nothing to do with the aster- 
isms: whether they are to be regarded as more ancient than the others 

. mB or ‘ 
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we do not know. They are—commencing with the first month of the 
season Vasanta, or with that onc.which in the other system is called 
Ciitra—as follows: Madhu, Madhava, Cukra, Cuei, Nabhas, Nabhasya, 
Isha, Orja, Sahas, Sahasya, Tapas, Tapasya. 

For the sake of a clearer understanding of the relations of the aster- 
isms, months, and seasons, we present their correspondences below in a 
tabular form : 


tem, Ment es 
a Karttika, { Lear 
(Oct. -Nov.) obin. 
. Mrgacirsha 
Margacirsha. rgacirshs. 
Her t ; (Nor Dee.) Ardra, 
. ‘ 4 Punarvasu. 
Pusha, P 
(Dec.-Jap.) usbya. 
Aclesha. 
Macha. { 
| dan-Feb) Magha. 
Cicira. P.-Phalguni. 
Phélguna. U.-Phalguni. 
z (F cb.- Mar.) Hasta. 
CAitra. Citra, 
y (Mar.-Apr.) Svati, 
oa Vitivikha Vigukha. 
(Apr. Muy.) Anuradha. 
JvAishtha, { Jyesbthh. 
Grish (May-June.) Mila, 
Cae Ashddha. P.-Ashadhf. 
(June-July.) U.-Ashédba. 
"Cra ‘yavanna 
Guly Aug.) | Cruviabthe, 
Varsha. Catabhishaj, 
BhAdrapada, P.- Bhadrapada. 
~ (Aug.-Sept.)} U.-Dbadrapada, 
Revati. 
” Scvina. Acvini. 
Carad. (Supt.-Oct.) Bharant. 


Davis (As. Res., iii. 218) notices that some of the ancient astrono- 
@ mers have divided the asterism: somewhat differently, giving to Cravana 
the three beginning with Cravana, to Bhadrapada the three beginnin 
with Pdrva-Bh&drapad&, and to Acvina only Agcvini and Bharani. It 
seems, indeed, that the selection of the three months to which three 
asterisms, instead of two, were assigned, must have becn made somewhat 
arbitrarily. 

It will be noticed that in this passage KArttika is treated as the first, 
of the series of months, while above (v. 10) Cicira was mentioned as the 
first season, and while in practice (sce note to i. 48-51) VAicghkha is 

g treated as the first of the solar months, and C&itra of the lunar. Another 
name for Margacirsha, also, is Agrahdyana, which appears to mean 
“commencement of the ycar.” How much significance these varia- 
tions of usage may have, and what is their reason, is not known to us. 
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As regards Vaicakha and Caitra, indeed, the case is clear, and we may 
also regard the rank assigned to KArttika as due to the ancftnt position 
of Krttika, as first among the Innar mansions. 


17. In Viigéikha etc., a conjunction (yoga) in the dark half- 
J 


month (Arshya), on the fifteenth lunar day (thi), determines in 
like manner the years Kirttika etc. of Jupiter, from his heliacal 
setting (asta) and rising (udaya). 


We have already, in an early part of, the treatise (7. 55), made acquaint- 
ance with a cycle of the planct Jupiter, composed of sixty years; in 
this verse we have introduced to our notice a second one, containing 
twelve years, or correspouding to.a single sidereal revolution of the 
planet. The principle upon whigh its nomenclature is based is very evi- 
dent. Jupiter’s revolution is treated as if, like that of the sun, it deter- 
mined a year, and the twelve parts, each quite nearly equalling a solar 
year (sec note to i. 55), into which it is divided, are, by the same anal- 
ogy, accounted as months, aud accordingly receive the names of the 
solar months. ‘The appellations thus applied to the years, im their order, 
we are directed to determine by the asterism (natyhatra) in which the 
planet is found to be at the dime of its disappearance in the sun's rays, 
aud its disengagement from them: for it would, of course, set and mse 
heliacally twelve times in each revolution, and cach time about a month 
later than before. The name of the year, however, will not agree with 
that of the month in which the risine and setting occur, but will be the 
opposite of it, or six mouths farther forward or backward, since the 
month is named from the asterism with which the sun is in opposition, 
but the year of the cycle from that with which he is in cunjunction, 
The terms in which the rule of the text is stated are not altogether un- 
ambiguous: there is nu expressed grammatical connection between the 
two halves of the verse, and we are compelled to add in our translation 
the important word “ determines,* which links them together. “The 
meaning, however, we take to be as follows: if, in any given year, the 
heliacal actting of Jupiter takes place in the month Vaicakha, then the 
asterism with which the moon is found to be in conjunction at the end 
of that month—whieh will be, of course, the asterism in which the sun 
is at the xame time situated—will determine the name of the year, which 
will be Karttika: and so on, from year to year. The expression “in 
like manuer,” in the second half of the verse, is interpreted as implying 
that to the vears of this cycle is made the same distribution of the as- 
terisms as to the months in the preceding passage: the second and third 
columns of the last table, then, will apply to tiie cycle, if wé alter their 
headings respectively, from “ month” to “ year c! the cycle,” and from 
“asterisins in which full moon may occur” to “usterisms in which Ju- 

giter's heliacal setting and rising may eccur.” 

There is one untoward circumstance connected with this arrangement 
which is not taken into acconut by the text, and which appears to op- 
at a practical difliculty to the applicatien of its rule. The amount of 

upiter's motion duringga solar year is not precisely one sign, but per- 
ceptibly more than that, so that the mean interval between two succes- 
sive heliacal sctlinys is a little more than a solar month; and this dif- 


ak 
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ference accumulates so rapidly that the thirteenth sctting would take 

place abont¢our degrees farther eastward than the first, so that, w ithout 

some system of periodical omissions of a month, the correspondence 

between the names of the years, if applied in regular suécession, and 

the astggisms in which the planct disappeared would, after a few revolu- 


. tions, be altogether dislocated and broken up. If the cycle were of 


more practical consequence, or if it were contemplated as one of the 
proper subjects of this treatise, we might expect to find some method 
of obviating this difficulty prescribed. Warren, however,‘in his brief 
account of the cycle of twelve years (K&la Sankalita, p.212 ctc.), states 
that he knows of no nation or tribe making any use of it, but only finds 
it mentioned in the books. According to both him and Davis (As. Res., 
iii, 217 etc.), the cycle of twelve veats is subordinate to that of sixty, 
the latter being divided into five such €ycles, to which special names are 
applied, and of cach of which the successive years receive in order the 
titles of the solar montha. The appellations of the cycles themselves 
are those which properly belong to the years of the lustrum (yuga), or 
cycle of five years, by which, as already noticed (note to 1. 56-58), the 
Hindus appear first to have regulated time, and effectel by intercala- 
tion the coincidence of the solar and lunar vears: they are Samvatsara, 
Parivatsara, Tdavatsara, Idvatsara, (or Anuvatsara), and Yatsara (or 
Idvatsara, or Udravatsara). It would appear, then, either that the cyele 
of sixty years was derived froin and founded upon the ancient lustrum, 
being an imitation of its construction in time of the planct Jupiter, 
of which a month equals a solar year, or else that the alevails existing 
cycle had been later fancifully compared with the lustrum, and subdivi- 
ded after its model into sub-cveles for years, and years for months: of 


these two suppositions we are inclined to regard the latter as decidedly 
the more probable. 


18. From rising to rising of the sun, that is called civil (sdzana) 
reckoning. By that are detcrmined the civil days (sévana), and 


' by these 1s the regulation of the time of sacrifice ; 


19. Likewise the removal of uncleanness from child-bearing 
etc., and the reyents of’ days, months, and years: the mcan mo- 
tion of the planets, too, is computedaby civil time. 


The term sdvana we have trauslated “civil,” as being a convenient 
way of distinguishing this from the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical use from 
sunrise to sunrise : in the more gencral sense, as denoting the mc le of 
reckoning. the mean motions of the plancts, and the regency of succes- 
sive periods, s4vana corresponds to what we call “mean solar” time. 
The word itself seems to be a derivative from savana, “libation,” the 
three daily savanas, or the sunrise, noon, and sunset libations, being, 
determined by this reckoning. 


20. The mutually opposed day and night of the gods (sura) 
and demons ae which’ has been already explaincd, is time 


of the gods, being megsured by the‘corfpletion of the sun's 
revolution. - 
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21. The space of a Patriarchate (manvantura) is styled time 
of, Prajipati: in it is no distinction of day from night: An Aton 
(kalpa) is called time of Brahma. 


It may well be said that the mode of reckoning by tine of the gods 
has been already explained: the length of a day of the gods, with the 
method of its determination, has been stated and dwelt upon, in almost - 
identical language, over and over again (sec i. 13-14; xii, 45-50, 67, 
74; and the interpolated verse after xiv. Ny almost as if it were so new 
and striking an idea as to demand and bear repeated inculcation. For 
the Patriarchate (manvaniara), or period of 308,448,000 years, see 
hove, 1.18: this is the only allusion to it asa unit of time which the 


_ treatise contains. For the .Eon (kalpa), of 4,320,000,000 years, as 


constituting a day of Brahma, see above, i. 20. 
The remaining verses are simply the conclusion of the treatise. 


22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, that sacred knowledge (Jrahinan), most cxalted, pure, 
all guilt destroying ; 

23. And the highest knowledge of the lieaven, the stars, and 
the planets hath been exhibited: he who knoweth it thoroughly 
obtaineth in the worlds of the sun ete. an everlasting place. 

24. With these words, taking leave of Maya, and being’ suit- 
ably worshipped by him, the part of the sun ascended to heaven, 
and entered his own disk. 

25. So then Maya, having personally learned from the sun 
that divine knowledge, regarded himself as having attained his 
desire, and as purified from sin. 

26. ‘Then, too, the saves (rsh?), learning that Maya had received 
from the sun this gift, drew near and surrounded him, and rev- 
erently asked the knowledze. 

27. And he graciously bestowed upon them the grand system 
of the planets, of nysterices in the world the most wonderful, 


jand equal to the Scripturé (brahman). 


The Strya-Siddhanta, in the form in which it is here presented, as ac- 
cepted by Ranganatha and fixed by lis commentary, contains exactly 
five hundred verses. This number, of course, cannot plausibly be looked 
upon as altogether accidental : no one will question that the treatise has 
heen intentionally wrought into its present compass. We have often 
found occasion above to point out indications, more or less distinct and 
unequivocal, of alterations and interpolations ; and although in some 
cases our suspicions may not prove well-founded. there can be no reason- 
able doubt that the text of the treatise has undergone since its origin 
not unimportant extension and modification. Any farther consideration 
of this point we reserve for the general historical sununary to be pre- 
sented at the end of the Appendix. - ® 
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APPENDIX: 


CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
. ECLIPSES, A STELLAR MAP, Etc. 


1. p. ii, The name siddhdnta, hy which the astronomical text- 
books are generally °called, has, by derivation and original meaning, 
nothing to do with astronomy, but signifies simply “established conelu- 
sion; and it is variously applied to other nacs in the Sanskrit literature. 

It may not be uninteresting to present here a summary view of the 
existing astronomical - literature of the ILindus, as derived from such 
sources of information upon the subject as are accessible to us, even 
though such a view must necessarily be imperfect and incomplete. We 
commence by giving a list of works furnished to the translator, at his 
request, by the native Professor of Mathematics in the Sanskrit College 
at Pana, and which may be taken as representing the knowledge pos- 
sessed, and the opinions held, by the learned of Western India at the 
present time. Along with,it is offered the list of nine treatises given in 
the modern Sanskrit Encyclopedia, the Gabdakalpadruma, as entitled to 
the name of Siddhanta. The longer list was intended to be arranged 
chronologically ; the remarks appended to the names of treatiscs are 
those of its compiler. 


1. Brahma-Siddhanta, 1. Brahma-Siddhanta. 
2. Sirya-Siddhanta, 2. Sirya-Siddhanta, 

3. Soma-Siddhanta. 3. Soma-Siddhfinta. 

4. V4sishtha-Siddhanta. 4. Brhaspati-Siddhanta, 
5. Romaka-Siddhanta. 3. Garga-Siddhanta. 

6. Paulastya-Siddhinta. 6. N&rada-Siddhénta. 
7. Brhaspati-Siddhanta. 7- Par&cara-Siddhanta. 
- 8. Garga-Siddhanta. & Paiastya-Siddhanta. 
g. Vy4sa-Siddhinta. « 9: Vasishtha-Siddhanta. 


10. Par4cara-Siddhanta. 
11. Bhoja-Siddhantd; earlier than the (iromani. 

12. Varéha-Siddhanta; earlier than the Ciromani. 

13, Brahmagupta-Siddhanta ; earlier than the Ciromani. 

14. SiddhAnta-Ciromani ; cake 1072 [A.D. 1150]. 

15. Sundara-SiddhAnta; about 400 years ago. [years age 
16, Tattva-Viveka-Siddhanta ; in the time of the reign of Jaya Sinha, about 250 
17. SarvabbAuma-Siddhanta; in the time of the reign of Jaya Sinha. 

18, Laghu-Arya-Siddhanta lier than th ‘i .; 

19. Brhad-Arya-Siddhanta pose ee Giromapi, 


“It is obvions that these lists are uncyitically constructed, and that 
neither of them 4s of a nature to yield, valuable information without ad- 
ditional explanations. The one is most unreasonably curt, and seems 
founded on the principle of allowing the title of Siddhfnta tu no work 
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which is the acknowledged composition of a merely human anthor, 
"while the other contains treatises of very heteroweneous character and 
value: and neither list distinguishes works how actually in existence from 
those which have become lost, and those of which the existence at any 
period is questionable. A more vatisfactory account of the Siddh&nta 
literature may be drawn up from the notices contained in the writings of 
Weatern scholars, and especially from the various cssays of Colebrooke. 
For what we shall here offer, he is our main authority. 
_ In the present imperfect state of our knowledge of the subject, there 
18 perhaps no better methud of classifying the Hindu astronomical trea- 
tises than by dividing them into four classes, as follows: first, those 
which profess to be a rovelation on the part of some superhuman being; 
second, those which are attributed to ancient and renowned sages, or to 
other supposititious or impersonal authors ; third, those regarded as the 
works of actual authors, astronomers of an early and uncertain period ; 
fourth, later texts, of known date and authorship, and mostly of a less 
independent and original character. ig 

L. The first class comprises tlie Brahma, Sarya, Soma, Brhaspati, and 
Narada Siddhantas. 

1. Brahsna-Siddhinta. The carlicst treatise bearing this name is 
said to have formed a part of the Vishnudlarmottara Purina, a work 
which seems to he lone sinee lost, and searcely remembered except in 
connection with the Siddhanta, The latter, too, 1s only known by a few 
citatiuns in astronomical writings, aud by the treatise of Brahmagupta 
(sce below, third class) founded upon it. Another work laying claim to 
the same title is that which we have many times cited above as the 
Cakalva-Sanhith. Sanhita, “text, comprehensive work,” 1s a term en- 
ployed to denote a complete course of astronomy, astrology, horoscopy, 
ete. : this treatise, according tu the manuscript in our posseasfon, forms 
the second division ( pragna) of such a course. It professes to be re- 

- vealed by Brahma to the semi-divine persousge Narada. Of its relation 
to the Surya-SiddhAnta we have spoken above (note tu “ie 10-12). It 
does not appear to be referred to as an independent work in either of 
the native lists we have piven. 

2; Sarya-Suldhanta. This is the treatize of which the translation 
has been given above, and of which, accordingly, we do not need to 
speak here more particularly. 

3. Soma-Siddhanta. Judging from its title, this work must profess 
to derive its origin from the moon (soma), as the preceding from the 
sun (sérya). HKeutley speaks of it a8 following in the main the system 
of the Sadryn-Siddhanta. There is a manc<cript of it in the Berlin 
Library (Weber's Catalogue, No. 840), and C:lebrooke seems also to 
have had it in his hands. . 

4. BrhaspatisSiddhdnta. Vyhaspati is the nime of a divine person- 
age, pricst and teacher of the gods, as also of the planet Jupiter. No 
work bearing this name is mentioned, so far as we can ascertain, by any 
Kuropean scholar, although DBrhaspati is not infrequently referred to in 
native writings as an authority in astronomical matters. 

5. Nérada-Siddhdnia. A Naradi-Sanhitd, or course of astrology, in 
‘the Berlin Library (Weber, No: 862), and an occasional reference to 
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Narada, among other divine or mythical personages, ‘as an astronomical , 
anthority, are all the indications we find justifying the introduction of 
this namc into the list of the Cabdakalpadruma, 

Il. In the seeond class we include the Garga, Vydsa, Phracara, Pau- 
lica, Paulastya, and VAsishtha Siddh&ntas. Garga, Pardcara, Vyasa, 
Pulastya, and Vasishtha are prominent among the sages of the ancient 
period of’ Ilindu histury ; the two latter are of the number of those who 
give name to the stars in Ursa Major (they are @ and ¢ respectively). 
They cannot possibly have been the veritable authors of Siddh&ntas, or 
works presenting the modern astronomical system of the Hindus: but— 
and this scems to be expecially the case with recard to.Garga and VPari- 
cara—one and another of them may Itave distinguished themselves in 
connection with the older science, and so have furnished some ground 
for the part attributed to them by the later tradition, and for the father- 
ing of astronomical works upon them. : 

1. Garga-Siddlednia. Astronomical treatises and commentaries upon 
them occasioflally offer citatigns from Garga (see, for instance, Cole- 

.brooke’s Essays, ii. $56; Sir William Jones in As. Res, ii. 397), but of 
a Siddbanta, or ‘text-houk of astronomy, bearing his name, we find 
nowhere any mention excepting in these lists. 

2. Vydsa-Siddhdanta, This nance, tvv, is known to us only from the 
list above vivelt, 

3. Pdrégara-Siddhdnia, According to Beutlev, the second chapter 
of the Arva-Siddhinta contains an extract from’ this work, in which are 
stated the clements of the mean motions of the planets adopted by it. 
The work itself appears to be lost > unless, indeed, it] may lave beco 
contained, !n a manuscript of the Mackenzie’ Collection, which in| Wil- 
son’s Catalovue (i. 120) is called Vriddha-Parasara, and said to be “a 
system of astrology, attributed to Pariisara, the father of Vyasa.” 

4. Péuliga-Siddhanta. The planetary clements of this treatise also 
are preserved in later commentarics, and are stated by Bentley and 
Colebrooke. @Ve have notieed above (note to 1. 4-6) that al-Dirdni at- 
tributes it to Paulus the Greek > whence Weber (Ind. Lit, p. 226) cou- 
jectures that it was founded upon the Aioayey74 of Paulus’ Alexandrinus. 
If this account of its origin be correct. the Puliea to: whom the later 
Hindus attribute it ts a fictitions personage, Whose name is manutactared 
out of Paulica. The work, it will be seen, is not, mentioned in either of 
the lista we have given, its place appearing to be taken by the Pulastya- 
Siddhanta. According to the [lindu tradition, the school represented 
by the Pauliea-Siddhanta was the wval of that of Aryabhatta. 

5, Pulastya-Siddhdnia, Of this Siddhduta we find mention only in 
such native lists as omit the preceding. Llence we are Jed to conjecture 
that the two names may indicate the same work; an attempt, founded 
upon the similarity of the names, having been made by sdfne to attribute. 
the Vaulicga-Siddhanta to a known and acknowledged Tindu sage. 

6. Vasishtha-Siddhadnta. ‘This work is spoken of as actually in ex- 
istence by-both Colebrooke and Bentley, and the latter states its sys- 
tem to correspond with that of the Strya-Siddhanta. More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, aud the other a later compilation founded upon this, by 
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Vishnu-candra, who is said also to lave derived his material in part from 
Aryabhatta. A copy of a Vrduha-Vasishtha-SiddhAnta formed a part of 
the Mackenzic Collection (Wilson's Catalogue, i, 121). 

IL]. To the third class may be assigned the Siddhdntas of Aryabhat- 
ta, Varhha-mihira, and Brahmagupta, and the Romaka-Siddh&nta, as 
well as the later version, of the Vasishtha-Siddhanta, last spoken of. 
‘The first three names are those of greatest prominenec and highest im- 
portance in the history of-Jlindu astronomical science, and there, is 
every reason to believe that the sages who ‘bare them lived about the 
time when the modern system inay be supposed to have received ite 
final and fully developed form, or during the lifth and sixth egnturies of 
our era. ; 

1. Arya-Siddhdnta, ‘Che two priicipal works of Aryabhatta appear 
to have been originally entitled the Aryashtagata, “ work of eight hun- 
dred verses,” and Dacagitika, “ work of ten cantos.” Colebrocke knew 
neither-of them excepting by citations in uther a-trouomical text-books 
and commentaries. Bentley had in his lauds two treatises which he 
calls the Arya-Siddhanta and the Laghu-Arva-Siddhinta, which are pos- 
sibly identical with those above named.* The Berlin Library also con- 
tains (Webcr, No. 834) a work which professes to be a commentary on 
the Dacagitika. 

2. Vardha-Sildhante. The only distinetively astronomical work of 
Vardha-mihira appears to have been his Pate a-sil- lhantikay or Compen- 
dium of Five Astronomics, of which we have already spoken (note to 
2-2), and whieh was founded upon the Bralina, Sarva, Paulica, Va- 
sislitha, and Romaka Siddhdntas., It is supposed to be ne longer in 
existence, althouch the astrologies! works of the same author have been 
"carefully preserved, aud are without difiiculty accessible. e 

3, Brahne-Siddhante The proper title of the work composed by 
Drahimagupta, upon the foundation of an earlier treatice bearing this 
naue, is Dralima-sphuta-Siddhauta “corrected Brahma-Siddhanta,” but 
the word spluda, “ corrected,” is frequeutly omitted in cite it, as las 
heen our own usage in the noies to the Stotyasiddhanta, Colebrooke 
possessed an impertect eopy of it, and it was also in’ Bentley's pusses- 
sion, Upon it was professedly founded, in the main, the Siddbauta-Gi- 
romani of Dhaskara. . 

4. Romake-Siddhanta, Of the name of this treatise. the gly one 
we have thus far met with whieh js not derived from a real or supposed. 
author, we have spoken in the note toi. 4-0. It is said by Colebrooke 
to be by Crishena, and to have been founded in part upon the original 
Vasishtha-Siddhdnta: its carly date is proved by its being one of those 
treated as authorities by Varalieainihira, No ¢ spy of it seems to have 
have been diseoyered in later tones. 

ur list also ageutions 2 Bhoja-Siddlinta, probably referrmg to some 
astronomical work published during the reign, and under the patronage, 
of Raja Bhoja Deva, of Dhira,in the tenth or cleventh century: of 
our er. 








* See an article by Fitz-Kdward Hall, Esq., On the Arya Siddhanta, in the Juur- 
nal of the Americun Oriental Society, vol. wi, 1860. 


ot) 


278 - Siirya-Siddhania, |introd. note- 


EV, Our fourth class ia headed by the Siddhanta-Ciromani, written in 
the twelfth century by Bhaskara Ac&irya, and founded upon the Bralina- 
Siddhanta of Bralimagupta. Our numerous references to it and cita- 
tions from it indicate the prominent and important position which it 
occupies in the, modern astronumical literature of India. For a descrip-. 
tion of the numerous commentaries upon it, see Colebrooke’s Lindu 
Algebra, note A (Essays, ii. 450 ete,). 

The longer of the lists given above mentions two or three other 
works of vet later date. Among them the Siddhinta-Sundara is the 
most ancient, having been composed by Jiina-raja at the beginning of 
the sixteepth century. The Geaha-Lighava is a treatise of the same 
class, and is highly considered and much used througboyt Lndia, although 
omitted from the Pona list. It ts of nearly the same date with the 
work last spoken of, being the composition of Ganega, and dated cake 
1442 (A.D. 1520). The Siddhanta Tattva-Viveka, more usually styled 
the Tattva-Viveka simply, is a century later: it was written by Kama- 
Jakara, about A. D. 1620. The Siddhanta-Sarvabhaumna dates from very 
nearly the same period, and is the work of Munievara, who is also the 
author of a commentary on the Giromani, aud the son of Ranganétha, 
the commentator on the Sdrya-Siddhanta. ‘ 

This class of astronumical writings might be almost indefinitely ex- 
tended, but the works which have been mentioned appear to be the 
most authoritative and important. : 

Qf all the treatises whose names we have cited, we know of but three 
whieh have as vet been published—the Sarya-Siddhanta, the Siddhinta- 
Ciromani, and the Graha-Laghava; (he two latter under the auspices of 
the Scheol-Book Society of Cidentta. Prof. Fall's edition of the Sdrya- 
Siddhanta, to which reference is made in our Introductory Note, has 
been completed by the addition ef a fourth Fascieulus sinee our own 
publication was commeuced, so that we have been able to avail oursely es 
of its valuable assistuuce throughout. 


2. poli, -Rangaudtha, in the verses with whieh he closes his com- 
mentary, stutes it to have been completed ca the same day with the 
birth of his son Municgvara, in the gaka year 1525, or A.D. 1603. For 
gis relationship to other well-known authors or commentators of astro- 
nomical treatises, seu Colebruoke’s Exsays 11.452 ete. Other commenta- 
tors on @he Sarva-Siddhéuta mentioned by Colebrooke are Nysinha, who 
wrote but a few vears later than Ranganatha, and Bhidhara and Dada 
Bhai, whose ave is not stated. The Mackenzie collection (see Wilson's 
Catalogue, p. 118 ete.) euntained commentaries on the whole or pats of 
the same text by Mavikéirjuna, Yellaya, au Aryabhatta,, Mammabbatta, 
and Tammaya. e 


3. pili As no especially suitable opportunity hag, hitherto offered 
itself tor giving in our notes the synonymy of the names of the planets, 
we present here all the appellations by which they are known in the text 
of the Sarya-Siddhanta. 

The sun is called by the following names derived from roots signify- 
ing “to shine”: arka, bhdnu, ravi, vivasvant, strya; also savitar, liter- 

ally “ enliveucr, generator’; bhdskara, “ light-maker” ; dinakara and 
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divhkara, “ day-maker"’ ; and tigmdngu and tkshnéncu, “ having ‘hot or 
Pplercing rays.” , 

The moon, besides her g'linary names indy, candra, vidhu, is styled 
nigdkura, “nicht-maker’: nigdpati, “lord of nicht”; anushnagu, ctla- . 
gu, Filangu, ciladidhiti, himaracmi, himtingu, himadidhit, “ having cool 
rays”; and cacin anil caganka, “marked with a hare”: the Hindu fancy 
secs «the figure of this animal in the spots on the moon’s disk. The 
name soma nowhere directly ocenrs, but it is implied in the title shumya 
given to Mercury. * 
_ Mercury is styled jaa and budha, “ wise, knowing”; also gagya and 
shumya, “won of the moon.” ‘The reason of neither appellation is ob- 
vious, It will be seen below that the moon, the sim, and the earth have 
each of them one of the lesser plancts assigned to it as its son: why 
Mercury, Saturn, and Mars were selected, and on what grounds their 
respective parentage was given them, is hitherto entirely unknown. 

Venas has one mune, ¢vkra, “ brilliant,” which is derived from ‘her ° 
actual character: she is also known as bhrgu, which is the name of one 
of the’ most noted of the ancient sages, or as bhryuja or bhergava, 
“son of Bhrau.” 

Mars has likewise a single appellation, angdraka, “eval,” which is 
given him on acconnf of his fiery buruing Yieht: all his other titles, 
namely kuja, bhoputra, bhianiputra, bhasuta, blunma, mark hin as “son 
of the earth.” 

Jupiter is known as brhaspati, which is, as already more than once 
noticed, the name of a divine personage, priest and teacher among the 
yods ; the worl means originally “lord of wership.” elhe planet also 
receives some of his titles, namely guru, * preceptor, and amarejya,- 
-“teacher of the immortals.” ‘The only other uname given to it, giva, 
“living,” is of doubtful origin, 

Saturn has two appellations, cach represented by several forme; 
namely “son of the sua,” or arkart, drki, séryatueaya; aud “ the slow- 
moving,” or manda, cani, randicrara. 

All these names, if will be noticed, are of native Hindu origin, and 
haye nothing. to do with the appellations given by other nations to the 
planets. In the Lindu astrological writings, however, even those of a 
very early period (see Weber's Ind. Stud, ii. 261), appear, along with 
these, other titles which are evidently derived trom those of the 
Girecks, 

4. p.2. We have everywhere cited Bentley's work on Tindu as- 
tronomy according’ to the London edition of it (8vo., 1825), the only 
one to which we have had access. ° 

In‘a few instanecs, where we have uot specifi the part of Bhaskara’s 
Siddhanta-Ciromani to which we Teter, the Ganitadhydya, or properly 
astronomical portion of it, is intended. 


6. p.17. For the convenience of any who may desire to make a 
more detailed examination of the clements of the mean motions of the 
plancts adopted in this treatise, and to work out the results deducible 
from them, we present them in the following table in a more exact form, 
We give the mean time of sidereal revolution, in mean solar days, aud 
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the amount of mean motion, in seconds, during a day, and also during 
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a Julian year, of 3654 mean solar days. 





———— 











Mean Motions of the PMmets. 


oe ge ee ee es 


_ [ie 34. 








Planet. ail eee aoe un. Moan daily motion. |Mcan yearly motion 
| d ae ” 
j Sun, 305.25875648 = 3,548.16956 1,295,968.931 
| Mercury, 87.90970228 | 14,732.34496 5, 380,488.996 
Venus, 224.69856755 °  5,767.72702 | 2,106,662.295 
Mars, 686.99749 394! = 1,886.46976 | = 689,033.08: | 
Jupiter, 4,332.32003235 + 299.1.4683 109, 263.381 | 
Saturn, 10,765.77307.i61 , 120.3815! 43,969.346 : 
Moon, | 
- sider. rev., 27.32167.416 * 47,434.86773 ©| 17,325,585.437 
synod, rev,, 99.530587p 43,886.69817 16,029,616.507 
| apsis, 3,232.0936-415 400.97848 146,457.389 
node, 6.794.3y983121 | 190.74532 69,669.730 


6G. p.17. The systein of the Sarya-Siddhanta, so far as concerns 
the mean motions of the planets. the date of the last gencral eonjunc- 
tion, and the frequency of ifs reeurrence, is also*that of the Cakalya- 
Sanhita. Ht is likewise presented, according to Bentley (IJind. Astr, i 
116), by the Soma and Vasishtha Siddhdntas. So far as ean be gath- 
ered from the clements of the Pauliea and Laghu-Aryva Siddhintas, as 
@eported by Colebrooke and Bentley, these troatises, too, followed a simi- 
lar system ; the sevolutions of the planets in an Age, as stated by them, 
where they differ from those of the Sdrva-Siddhanta, always differ by a 
number which is a multiple of four. Some of the astronomical text- 
books, however, have constructed their systems ina suimewhat different 
manner. Thus the Siddhanta-Ciromaui, following the authority of 
Brahmagupta and-of the earlier Brahma-Siddhanta, makes the planets 
commence their notions together at the star ¢ Piseim at the very com- 
mencement of the .4!on, and return to; general conjunction at the same 
point only after the lapse of the whole sericd of 4,320,000,000 years. 
The same is the case with the Arva and Pardcara Siddhintas: thév too, 
as reported by [entloy (Hind. .Astt., pp. 1-48, 150), state’ the revulutions 
of the planets for the whole on only, and in numbers which have no 
common divisor, so that they assume no briefer cycle of conjunction. 
But they all, at the sainc time, take special notice of the commence- 
ment of the Iron Age, which they make to begin at the moment of mean 
sunrise at Lanka, and manage to effect very nearly a general conjune- 
tion at the time of its occurrence, as is shown by the table at the end 
of thjs note, in which are presented the positions of all the planets, aud 
of the moon’s apsis and node, as stated by them -for that :moinent. 

We insert these data bére, because they seem to us to furnish ground 
for important conclusions: respecting tha comparative antiquity of the 
two systeiis. ‘The commencement of the Jron Age, which to the one 
is of cardinal importance as an astronomical epoch, is to the other 
bimply a chronological eva, having no astronomical significance. Now 
if, a8 has been shown in our notes to be altogether probable, that epoch 
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is in fact of astronomical origin, being arrived at by retrospectige calcu- 

lation of the plauctary motions, we cau hardly avoid the conclusion that 

the system whjch preseuts it in its true character is the more ancient 

and original.e This conclusion is strengthened by the notice taken of 

the epoch by the Siddhanta-Ciromani and its’ kindred treatises. We do 

not seo how their treatment of it,is to be explained, excepting upon the 

stpposition that a general conjunction at that time was already eo firmly 
established as a fundamental dogma of the Hindu astronomy, that they 
were compelled, even while rejecting the theory of brief cycles and te- 
curring conjunctions, to pay it homage by so constructing their elements 
that these should exhibit at least a very near approach to a conjunction 
at the moment. We are clearly of opinion, therefore, that, apart from 
all consideration of the relative age of the separate treatises, the systen} 
represented by the Sirya-Siddhanta is the nore ancient. 


Mean Places of the Planets, 6 o'c A.B. at Ujjayini, Feb. 18th, B. 0.3102. 





i 

Planet. | Siddhanta-Ciromani,!| Arya-Siddhinta, PArfcara-Siddbanta. , 
page totes ate to. : TSA. 7 iy eae cae ee ae ; nen ge _ | 
Sun, 0 0 © O vo O08 OG O01 8 4 0 06 | 
Mercury, ‘ak 27 9f oy | Tr at at 36 | eTt 2 17 17 | 
Venus, , in 28 fo foe Th ap yy 12 1r 2ff 58 34 ! 
Mars, i mm a9 3 So | 6 8 Of 8 Ir 99 14 38 , 
Jupiter, boa ayo 97 30 11 oa7 97 «12 627) S53 | 

Saturn, lour 28 40 Gf o © © Of rr 2B 57 22 
Moon, | Oo vw 0 oO 4 © 8 OO 8 o © 10 48 | 
*  apsis, | £4 5 99 48 4 3 5u 24 4 5 312 99 | 
-“ node, | A 3 12 58 5 2 38 244 | 5 2 49 12 | 


oo wenn ee eee —— = — -— =f _- ee SS eee 





Y. p.20. We present in the annexed table, in the same fornr as 
above (note 5), the elements of the mean motions of the planets as cor- 
rected by the bia. ee 


Mean Motions of the Plonets, as corrected hy the Wija. 








Planet. | eur oreniet ee daily motinn. : Meas yearly motion. 
d et H a"? 
‘Mercury, 87.9151978075., 14.732.33182 | 5,380,984.196 * 
Venus, 224.69895152 §,707.717517 2,106,658.695 ' >. 
Jupiter, | 4,332.41581277 299.1 4096 109,260.98 ete 
Saturn, | 10,764.89171783 120.39136 | 43.972.946 { ie 
Mvon's apsis, | 3,239.12015592 foo g751g | 146,456. - 
“ node, ; 6,794 28280845 190.7/S61 | otro | ee 
ee — ; 








8. p.23. At the time when we wrote our unte, we had not ab rvéd 
that Bentley himself expiains, in a foot-note to page 117 of his ‘work, 
this apparent error. In the case of Mercury, since the number of revo- 
lutions as stated by the text of our treatise did not yield him the result 
which be desired, he has quietly taken the liberty of altering it from 
17,937,060 to 17,937,024, assuming, as his justification, an error of the 
copyiats which has not the slightest plausibility, and ignoring the fact 


982 ® Shrya-Siddhania, fi. 84. 


that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarily amended one of the data upon,which he rests the most 
- nmportant of his general conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can, 
see for himself, upon referring to our table given on page 44, with how 
much plausibility Bentley is able to deduce, from the dates of its fourth 
column, the vear A.D. 1091 as that of the composition of the Strya- 
Siddhfinta. We have been solicitous to allow Bentley all the credit we 
- possibly could for,his labors upon the [Linda astronomy, but we cannot 
avoid expressing here our settled conviction that, as an authority upon 
the subject, he is hardly more to be trusted than Bailly himself, that his 
_ work must bo used with the extremest caution, and that his determina- 

tion of the successive epochs in the history of astronomical science in 
India is from beginning to end utterly worthless, * 


9. p. 23. We have not fulfilled our promise to recur in the eighth 
chapter to the subject of the sun’s error of position, because we felt our- 
selves incompctent to cast at present any valuable light upon it. Noth- 
ing but a careful and thorough sifting and comparison of all the earliest 
treatises, together with the traditions preserved hy the commentators, 
and the practical methods of construction of the calendar, is likely to 
settle the question as to the manner in which the elements of the plan- 
etary orbits were origipally made up. 
. 20. p24. In making out our comparative table of sidereal revolu- 

tions, we have caleulatel the column for Ptolemy as we conceive that 
he would himself have calculated it, had he heen called upon to do go. 
M. Biot, having ju view an object different from ours, has carefully re- 
vised Vtolemy’s -processes (see his ‘Traité [lémentaire d’Astronomic 
Physique, #me éd., v. 87-71), and has deduced from the latter's original 
data what he regards as the trne times of sidcreal revolation of the pri- 
~ mary planets furnished by them; his periods are accordingly slightly 
different froin those presented in our table. 

Colebrooke (As. Ties, xii, 246; Resuys, ti, 412) has also given a com- 
parative table of. the daily motions of the plaficts, but has committed in 
it the gross error of setting side by @de the sidereal rates of motion of 
the Hindu text-books and the tropical rates of Ptolemy and Lalande. 
Of course, his data being incommensurable, the conclusions he draws 
from their comparison are erroncous. 


" EL. p.27. We add, in the following table, a comparison of the po- 
sitions of the apsidcs and nodes of the planets as stated in our treatise— 
being those which are adopted, with unimportant variations, bygall the 
schools of Hindu astrgnomy—with those laid down by Ptolemy in his 
Syntaxis. The latter we giye as stated by Ptolemy for hia own period, 
without reducing them to tHeir value in distances’ from the initial point 
of the Jlindu sphere. The actual distance of that point, or of the 
vernal equinox of A.D. 560, from the vernal equinox of Ptolemy’s time, 
ig about 54°. We shonld remark also that Ptolemy does not state 
_ expressly and distinctly the lei of the nodes: we derive them from 
“the rules given by him, in the sixth chapter of his thirteenth Book, for 
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calculating the latitude of the planets: not being, however, altogether 
confident of our correct understanding and interpretation of those rules. 


Positions of the Apsides and Nodes of the Planets. 





Planet. lana Ptolemy. Difference. 
—_—_——_--_—_ pe ee ce 
Apsides: ae - | 

es I a e t | 
Sun, "9m 15 ! 65 30 ‘+11 45; 
Mercury, ; 220 26 !190 0 ; +30 261 
Venus, ' 79 49: 55 o +24 49: 
Mars, )0 4, m5 3o 1} 414 31 | 
Jupiter, -17r 16 161 of * +10 16! 
Saturn, (236 38 233 o '+ 3 38 

Nodes : . 

Mercury, : 20 44 10 @ '+10 44 
Venus, 59 45 55 © + 4 4 
Mars, ho & 95 Jo +14 34 
Jupiter, "939 41 5: of | $98 fe 
Saturn, - -100 25 183 o -—-82 35 


It will be perceived that the ditkerences here are not so great as to ex- 
elude the supposition of a connected origin. We do not ourselves be- 
lieve that the Hindus were ever sufliciently skilled im observation, or in 
the discussion of the results of observation, to be able to derive such 
data tor theniselves, or even intelligently to modify and improve them, 
when obtained from vther sources. In order, however, fully to under- 
stand the relation of the Hindu to the Greck science in this part, we re- 
quire to know, first, what were the positions assigned to the apsides and 
nodes by Greek astronomers prior to Ptolemy, aud secondly, what were 
their actual positions at the periods in question. Upon the first point 
no information appears to have been handed down to our times ; and as 
regards the other, we have uot found auy modern determination of the 
desired data, and are uot ourselves at present in a situation to undertake 
so intricate and laborious a calculation. 


22. p.29. The era of the dali yuga, or Iron Age, is not in prac- 
tical uxe among the Hindus of the*®present day: two others, of a: less 
remote date, are ordinarily employed by them in the giving of dates, 
These are styled the erag of GalivAhana and of Vikramaditya respect- 
ively, from two sovereigns xo named: their origin and histufical signifi- 
cance are matters of much doubt and controversy. The years of the 
era of QélivAhana are, according to Warren (Nala Sankalita, p. 381 and: 
elsewhere), solar years: their reckoning comiiences «iter the lapse of 
3179 qgmplete years of the Iron Age, or carly in April, A.D. 78: the 
1782nd year, accordingly, coinciding with the 4961st of the Iron Age, 
commenced, as is shown by the table ou p: 30, April 12th, 1859, and 
ended April 11th, 1860. The years of this era are generally cited as 
gaka or caka years, In the other era, the luui-solar reckoning is followed 
(Warren, as above, p. 391 and elsowhere) ; and ita first vear began with 
the 3045th of the lron Age, or early in 58 B.C. : its 1962nd year, coin- 
ciding with the 496lst of the remoter era,”commenced (see table on p.* 
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30) April 4th, 1859, and ended March 22nd, 1860, The yenrs of this 
era are.called and quoted as samvaisura years, or, by abbreviation, sm- 
ply samvat. 


13. p.39. M. Vivien de St. Martin (in Jalien’s Mémoires de ILiouen- 
Thsang, ii. 258) supposes the value of the Zi in use in China during the 
seventh century to have been about 329 metres, or 1080 English fect. 
This would make the values of the three kinds of yojana mentioned hy 
the Buddhist traveller tu be 83, 6!, and 34 English miles respectively. 


14. p.44. In the first table upon this page, wo kyave, by an over- 
sight, given the earth's heliocentric longitude, Instead of the sun’s geo- 
centric longitude. To tho sun's place as stated, accordingly, should be 
added, 180°. ® 


45. p.52. M. Biot (Journal dex Savants, 1859, p. 409) sugeests that 
the Hindus, like Albategnius, obtained their sines directly from the 
chords of Hipparchus or Ptolemy. This may not be an altugether im- 
possible suppopition, but it is at least an unnecessary one, for they cer- 
tainly hal geometry cnough, at the time of the claboration of their 
astronomical system, to construct their fable independently. ur notes 
have presented Delambre's view of the method of its construstion and 
the reasun of its limitation to ares which are multiples of 8°45" We 
cannot but feel, however, upon maturer consideration, that the correct- 
néss of that view is very questionable; that the Hindus could probably 
have made out a more complete table if they had chosen to do se; and 
that a sufficient reason is found for their selection of the are of 3° 45° 
in the fact that it is a natura! subdivision of a recognized unit, the are ef 
30°, while the -cries of twenty-four sines Was sulliciently full and) aeeu- 
rate tor their uses. We have been at the pains to ealeulate the complete 
series Of Slindusines trom Ptolemy's table of chords, assuming the value 
of radius to be 3438, in order to test the question whether there were 
any correspondence of errors between them which shold prove the one 
to Le derived trom the other: our results are as follows. tn five of the 
instances (the J4th, 15th, 19th, 22nd. and 23rd sines of the table) iu 
which the value of the Hindu sine exeeeds the truth, Ptoleiny supports 
the error; in the other three casgs (tle. 16th, 17th, and 18th sines), 
Ptolemy affords the correet values te the 6th sine, also, which by the 
-Hindus is made tov small, Plolomy’s table gives its true value, but the 
next followjig sine he makes too great (namely 1520.59, whieh would 
give 1521, instead of 1520): this is his only independent error, The 
evidence yielded by the comparison inay be regarded as not altogether 
unequivocal. 

For the benefit of any who may desire to make practical use, of the 
Hindu sines, in calculations conducted according to the incoudl of the 
Sarva-Siddhauta, we give, apdh the opposite pave, a more detailed table 
of thei than has Leen presented hitherto, with such sets of ditferences 
annexed as will enable the calculator readily to find the sine of any 

iven are, or the reverse, withont resorting to the Iaborivus proportions 

Vv which the text contemplates that they should in each case be deter- 
mined. Such a table we have ourselves found highly useful, and even 
almost indispensable, in connection with our own catculations, 
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¢ . Table of Hindu Sines, with Differences 
Sine. | Are, Sine. Diff. i Arc. | Sine ) Diff. 
——_ as 
paar aan | 
] 4 eo 4 ? ) - a 
o Jo 1719 l ave | 2978 F ei 
6o 1 32 1769.93 | 2| 1-698 | 3006. dl 0.944 
120 [1] 1.000 || 32 1820.87 3 cae | 3034. 58/3 pei 
- m I 
180 sf. 33 1871.80 5 | 4.244 63 | 3062-8015 | 2356 
225 |———--| 33 45 gio [— —}| 63 45 3084. |--—-___ 
239.93 loa 34 1922.20; 1 | 0.813 |164 .| 3090.20 1) 0.413 
299.67 | ?| 1-99" | 35 1971 =| 2| 1-627 || 65 , 35 12 0.827 
359.40 ; Bet \ 36 2019.80 , are 66 313580 ° er 
419-1315) 4.978 137 | 2068.60] 51 406, 7 | 3164.60 5 2.067 
449 l 37 30 2093 | ——_ 67 30/1 3177 | 
-478.Go | ! | 0.984 1 38 2116.29 | T | 0.773 |] 6g | 3187.53 1 0.351 
537.8 | 2| 1-973 13 62.60 | 2 | 3-547 3208.60 | 2| 0-704 
Paar ae 2.320 i Peri 
97 | 41 3.949 He | 2299 | 41 3.093 | 7 997 | 41 1-408 
656.20 | 5 a i 41 2255.40) 5 3.867 ||7" | 3250.74) 8 1.756 
671 Top), 4615! a67 JL 71 5! 3256 j|}——____ 
] : I}. 
714.80 | 5 1.947 |: 142 + 2299.80 : ay a 3269 . ae 
773.20! 3! 2.920 | 43 2343.52 | 3! 2.18 i|73 | 3286.33 | 3 0.867 
831.6o AS 1 44 =| 1387.27 | 4) 2.916 | 7 : 3303.67 14] 1.156 
890 eee | 45 | 2431 [1/0684 | a5 332) aa 
947-33} ol ror i 46 | 2472.07 2 | 1.369 : -f | 3334.60 Ota. 
1 1004.67 | 3 | 2.867 || 47 | 2513.14 3} — 77 I 3348.20 | 3 | 0.680 
141 3.822 | (4! 2.738 lg : 336 80 4; 0.907 
1062 51 do5 48 | 2554.21 1513.42 fy’ 1.80 5 1133 
1105 f- =, 48 45) 2585 |- a Pe 45 3352 —_- 
tig | 1 | 0.933 | fg 2594.53 ; 1 | 0-636 |i 29 i 3374.47 1 | 0.164 
1175 ; antl | 50 2639.6 |?| etl 27 ian : 3384.33 ae 
2.800 ; “ 
1231 4| 3.733 | ny 2670.80 4 me 8 3394.20. 4 | 0.658 
1287 . | 5 4.667 || 52 2708.93 | 5 3.178 | 82+ 344.07; '5| 0.822 
1315 52 30} 2728 —————|| 82 30' 3409 | a 
1342.33} 1] 0.911 |] 53 2745.47 | 7 0.584 |; 83 | 3412.9311 0.098 
1397 2| 1.822 54 2780.40 | 71 T- ape | 84: 1417.80 5 oa 

16733 ss | 1515.33 , pee fe | 3423.6, | : pas 
ic od eee | re a7/5 86 | 3dag, 

“| 5 | 4.556 ; ced J 0-489 
1520 |. 36 15} 2859 ———+-|/ 86 5 3431 er emves 
ee 1 | 0.884 E 57 2882.80 : i 87 mo aa 
1612.89 |? ales 7 2914.53] 3] 150 (168 | 3434.27 Eat 
pg ; 3.538 2946 .26 4 2.116 89 | 3.436. 13/4 0.124 
we '[ ns pre Pd 2978 = [5 | 2.644 || 9» 3438 15, ; 0.156 
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In explaining how the Hindus may have arrived at thei empirical 
Tule, as laid down in verses 15 and 16, for the development o the series 
of sines, we have also, as mentioned in our note, followed the guidance 
of Delambre, Prof. Newton, however, is of opinion that the rule i 
question was probably obtained by direct geometrical demonstration, in= 
some such method as the following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 
the Sirya-Siddhanta. 

In the quadrant AB (Fig. 34), let B F, BD, and BE be three arca, of 

which cach exceeds.its predecessor 
by the equal increment DF or DE; 
and let Fm, DJ, and E& be their 
sines, increasing by the uneqnal dif- 
ferences Dh and Eg. Now as ED 
and DF are small arcs (they are 
shown in the figure of three times 
the proportional length of the arcs 
of difference of the Hindu table), 
EDg and DFA may be regarded as 
plane triangles, and the angles made 
by C D at D as right angles: hence 
the angles EDg and C D/ are equal, 
the triangles EDg and C L)2 are 
similar, and ED: Eg::C D:Cl; or 
Eg=ED.C/—CD. In‘ like man- 
ner, DA=ED.Cm—CD. There- 
fore DA—Eg=ED.im~CD; and Eg, which is the amount by 
which E& exceeds DJ, equals DA—(ED.im—CD). But, by simi- 
larity of the triangles CD/ and DFA, FA, or /m, equals ED.D I+ 
CD; and hence EDJm—CD=(ED?~—C D2) Di, or (ED+> 
CD)? Di Now when ED equals 225’ and C D 8438, ED=—CD= 
vs nearly (or exactly yJy_), and (ED—C D)?= 4, nearly (more 
exactly, ryt.xq)- Hence EL=D/-+Dh—z}5 Dé, which is equiva- 
lent to the Hindu rule. 3 

When we wrote the note to the passage of the text relating to the® 
sines, we assumed that the rule as there stated would give thc series of 
sines, mig, Soha upon trial that it held good for the first few terms of 
the series. But, it having been pointed out to us by Prof. ‘Nowton that 
the adoption of 1, as the value of ED-+CD could not but lead to 
palpably erroneous results, we carried our calculations farther, and found 
that only five of the sines following the first one can be deduced from 
it by the processes prescribed ; that with the seventh sinepbegins a dis- 
cordance btwn the table and the result of.calculation by the rule, 
which goes on increasing to the end, where it amounts to as much as 
70’ in the value obtained for radius. 

This untoward circumstance, which may be regarded as a trait highly 
characteristic of a Hindu astronomical treatise, seems to us rather to 
‘favor the opinion that the rule is the reault of construction and demon- 
atration, and not empirically deduced from a consideration of the actual : 
second differences. In the latter case we should more naturally suppose 


Fig. 34. 
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that it would have been tested throughout by actual trial; while, if it 

had been arrived at in the manner above explained, an application of it 
* to the first few members only of the series might more easily have been 

accepted as a sufficient test of its correctness. ,; 


“S 416. p.59. . We are not sure that the name bhuja may-not origin- 
ally and properly belong rather to the arc than to its chord or sine. It 
comes from a root bhuj, “ bend,” and signifies primarily “a bend, curve,” 
being applied also to designate the arm on account of the latter's sup- _ 
plencss or flexibility. The word oii also most frequently means “the 
end or hornof a bow.” We might, then, look upon the relations of the 
are (dhanus, ehpa, karmuka) and its parts and appurtenances as follows. 
The whole are taken into account is (Fig. 2,p.59) QRS: of this, BRC 
is the bhuja, curve or bow proper, while BQ and CS are its teroabotis 
or horns: BC is the chord or bow-string (jy4@ etc.), or, more ct- 
ively, the bkujajya; which name, by substitution for jyérdha, is aléo ap- 
plied to cither of its halves, B HW or HC: BF or CL is m like manner 
the kotijya; RI, finally, the versed sine, is the “arrow” (fara, tshu) 3 
by this name it is often known in other treatises, although not ence sd 
stvled in this SiddhAnta. If this view be correct, the terms bhuja and 
koti as applied to the base and perpendicular of a right-angled triangle, 
are given them on account of their relation, to one another agdine and 
cosine, while the synonyms of bhuja, namely b¢hu and dos, are emtiployed 
on account only of their agreement with it in the signifeation:* arm,” 
and not ip that which gives it its true application. For ko# the treatiae 
affurds no synonyins. | 


17. p. 63. M. Delambre, in his History of Ancient Astronomy (i. 
462 ctc)., has subjected to a detailed examination the rules of the Sarya- 
Siddhauta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single formula, and has calculated for 
each degree of a quadrant thg values of the equations, comparing them 
with those furnished by the Thnda tables, as reported by Davis (As. Res., 
ii. 255-256). MM. Biot has more recently, in the Journal des Savants 

_for 1859 (p. 384 ete.), taken up the same subject anew, especially point- 
ing out, and illustrating by figures and calculations, the error of the 
-Ihndus in assuming the variation of the equation to be the samg in all 
the four quadrants of mean revolution. 


_1s. p76. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated of the Hindu astronomy, has 
found any means of accounting for the variation of dimensions of the 
planctary epicycles. In its present form and extent, indéed, it seems to 
defy explanation : we can only conjecture tha: it may be an unintelli- 
geut and reasonlcss extension to all the plancts, and to both classes of 
epicycles, of a correction originally devised and applied only in one or 
two special cases. According to Colebrooke (As. Res, xii. 235 etc.; 
Essay, ii. 400 etc.), there is discordance amoung the different Hindu au- 
thorities upon this point. Aryabhatta agrees with the Strya-Siddha&nta 
throoghont; Brahmagupta and Bhiskara make the epicycles only of 
Venus and Mara variable; Municvara, in the SiddhAnta-SaérvabhAuma, 
regards all the epicycles as invariable. 
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A®. p.92. Our suggestion of s possible derivation of the term yoga 
from the “sum” of the longitudes of the sun and moon is unquestion- 
ably erroncous. That term is to be understood here- in the sense of 
“Junction, conjunction,” and the conception upon which is founded its 
application to the periods in question is that of a conjunction (yoga) of 
the moon with the twenty-seven asterisms (nakshaira) in their order, or 
her successive contindance im their respective portions. Only the sys- 
tem is divorced from any actual connection with the asterisms ; for while 
the latter arc stellar groups, having fixed positions in the heavens, they 
arc here treated as if the twenty-seven-fold division of the ecliptic found- 
ed upon them had no natural limits, but was to be reckoned from the 
actual position of the sun at any given moment. 

According to Warren (IXala Sankalita, p. 74), the names of tlic twenty- 
seven yoras, as given by us on page 92, are also applied by the Ilin- 
dus to the junction-stars (yogatdrd) of the asterisms (with the omnission, 
of course, of Abhijit): for which see the notes to the. cighth chapter. 
This fact we do not find noticed elsewhere; possibly the usage is a local 
one only. 

Of the twenty-cight yoras of the other system, to which the Sirya- 
Siddhanta makes no reference, the names are given by Colebrooke as 
follows : 


1, Ananda. 10, Mudgara. 19, Siddhi. 

2. KAladanda. 11, Chatira. 20, Culha. 

3. Dhimra. 12, Maitra. - 21. Amrta. » 

4. Prajapati. 13, MAnasa, 22. Musala. . 
5. Sdumya. 1.§. Padma, 23. Gada, 

6, Dhvanksba. 15. Lambaka. 24. Matanga. 
7.'Dhvaja. 16, Utpita. a5, Rikshasa. 

8. Crivatsa. 17. Mrtyu. 26. Cara, 

9. Vajra. 18, Kana, 27. Sthira. 


28. Pravardha. 

Colebrooke says farther: “The foregoing list is extracted from the 
Ratnamala of Cripati. We adds the rule by which the yogas are reg- 
ulated. On a Sunday, the nakshatras auswer to the yogas in their 
natural order; viz. Agvini to Ananda, Inarani to KAladanda, ete. Lut, 
on a Monday, tho first yoya (Ananda) corresponds to Mrgaciras, the 
second to Ardra, and so forth. On a Tuesday, the nakshiatra which 
answers to the first yoga is Acleshi; on Wednesday, Iasta; on Thurs- 
day, Anuradha; on Friday, Uttara-Ashadhi; and on Saturday, (‘ata- 
bhishaj.” . 

This is by no means a clear and euflicient explanation of the charac- 
ter and use of the system, yet we seem to sce distinctly from it that this, 
no less than the ather system, is cut off from any actual connection with 
the twenty-eight asterisms, since the succession of the yogas is made to 
depend upon the day of the week, while the weck stands in no constant 
and definable relation to the motion of the moon. 


20..p.102. In stating that the Sirya-Siddhénta furnished no hint of 
thé precession excepting in this passage, we failed to notice that in one 
other place, namely in connection with the rules for finding the time 
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when the declinations of the sun and moon are equal (xi. 6), the. pre- 


cession is distinctly ordered to be calculated, and in terms which con- . 


tain an evident reference to those in which the fact of the precession is 
here stated. The exception, however, is one which goes to prove, rather 
than overthrow, the general rule: the process in which we are for once 
favored with explicit directions upon the point in question is the one of 
all otheratin the work the most trivial, and the chapter which contains it 
furnishes, as pointed ont by us in the notes, good reason to suspect late 
alteratfons and interpolations, We do nut, then, regard the statement 
made in our note as requiring to be either retracted or seriously modi- 
fied. Nor do we, although fully appreciating the difficulty of assuming 
that the original claborators of the general Hindu system can have been 
ignorant of, or ignored, the precession, regret: the force and distinctacss 
with which we have stated the ciremnstances which appear to favor that 
assumption, Whether it be true or false, there is much in connection 
with the subject which is strange, and demands explanation: and that 
can only be satisfactorily civen when there shall have been attained a 


more thoréugi comprehension of the early history aud the varying forms 
of the seietiee in India, . 


22. p.114. The enmmentary frequently styles ‘the sine of altitude 
mahdcanku, “ oreat suomen,” to distinguish it from the cunku, “ gno- 
~ mon.” ; 


22. p.131. Our statement that the Sitva-Siddhanta employs only 
the term grahu to designate the planets requires a slight modification. 
Tn one instance (11.69) they are called Aiaedri, and in one other (ix. 9) 
kKhacara, both words signify ing “ moving in the ether” (see xii. 23, 81). 


23. p.138 This use of the word pret, © east, cast point,” appears 
to be taken from the projection: of celipses, as directed to be drawn im 
the sixth chapter. Thus, in the figure there civen (Fre. 27, p. 157), 
EM and v M represent the diyections of the equater and ecliptic with 
reference to one another at the moment of first contact, and E and v 
are the east-points (pect) of those lines respectively: the are Ev, or 
the “interval of the two enst-points,” is the measure of the angle which 
the two lines make with oue another at the yiven time. 


24. p. 141. As promised above, we present here, by way of appen- 
dix to the fourth chapter of our translation and notes, a : 


Ca.cv.aTion, AccoRDING TO THE Data AnD Metiops or THE Strya- 
Sippnaxta, oF Tue Lexar Ecripse or Frenrvary 61, 1860, 
FOR TILE LATITUDE AND LONGITUDE © WAST: +. TON, 


Daily, in his work on the Lindh astrenoty (p. 355 etc.), presents 
several calculations of eclipses by Hindu methods, namely.of the lunar 
eclipse of July 29th, 1780, of the lunar eclipse of June 17th, 1/04, and 
of the solar eclipse of Nov. 29th, 1704. Dut, owing to his imperfect 
compreheusion of the character and meaning of many of the processes, 
and owing to his incessant use of Hindu terms in the most barbarons 
transcriptions, without explanations, his intended illustrations are only 
with difficulty intelligible, and are exceedingly irksome to study. Davis, 


* 
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in his first valuable article in the Asiatic Researches (ii, 273 etc.), has 
also furnished a calculation of a lunar eclipse, as made by native astron- 
omers, comparing their results, obtained by several different methods, 
with the actual elements of the eclipse, as given by the Nautical Alma- 
nac. As it seemed desirable to give a like practical illustration of the 
Hindn methods of caleulation, in commection with this fuller exposition 
of their foundation and meaning, and by way of an additional test of the 
accuracy of the results which the system is in condition to furnish, we 
have selected for the purpose the partial eclipse of the moon wifich oc- 
curred on the evening of Feb. 6th, 1860. Our calculations are mado 
according to the clements of our text alone, without adding, like Davis, 
the correction of the’bija, since our object is to illustrate the text itself, 
and not the modern system as altered from it. The course of the suc- 
cessive steps of our processes may not everywhere strictly accord with 
that which would be pursued by a native astronomer, as we take the 
rules of the text and apply thein according to our own conception of 
their connection. 

We omit the preliminary tentative processes, and conceive ourselves 
to have ascertained that, at the time of full moon in the month Magha, 
I. A. 4961 (sec page 30), or semvat 1917 (see add. note 12), the moon 
will be celipsed. 

I. To find the sum of days (uhargana, dinardei) for mean midnight 
next preceding full moon. 

The sixth day of February, 1860, being the day of full moon (pirni 
m4), is the fifteenth day of the first, or light, half of the lunar month 
Magha, the eleventh month of the year, as is shown by the table on 
page 80, The time, then, for which we are to find the sum of days, is 
49607 Jut 144, reckoning (i. 56) only from the commencement of the 
Tron Age. For this period the smn of days, as found by the processes 
already sufliciently illustrated in the notes to i. 48-51, is 1,811,951 days. 

IL. To find the mean longitude of the sun and moon, and of the 
moon’s apsis. 

_ The proportions (i. £3) 
{ 2 30,000; 4Ooree ys 239 177 1/7 
45° 743,336 :66,320rev 38 9° 44" 1y! 
( 488,203: 5S6rtev ye 73° 43! og! 


give us—rejecting whole revolutions, and deducting 3* from the motion 
of the moon’s apsis, for its position at the epoch (sce note to i. 56-58) — 
the mean Jongitudes required. These are for the time of mean midnight 
at Ujjayini: to find them for mean midnight at Washington, whici is 
distant from Ujjayini 16719.28, upon a parallel of latiinde 3936¥.75 in 
circumference (note to 1. 63-65), we add to the position of each 497):3% 
or .42453 of its mean motion during a sidereal day. This correction is 
stvled the degéntaraphala. We have, then, | 


1,977,917,826 : 1,811,981: 


: Long. at Ujjay. Correction, Long. at Wasli’n. 

Sonn, giasf rg rl ah oat == gn 23° fa? 3/7 

_ Moon, 38 9° 44’ t9’ + 5°34! 43" == 38 15° 19! of 
' + Moon’s apsis, to# 13° 43! rf? oe a’ 50’? = 108 13° 45/5," 
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The place of the sun’s apsis remains as already found for Jan. Ist 
(note to ii. 39) : 


Longitude of sun's apsis, an 17? 17" 24"" 


In applying here the correction for difference of meridian, as well as 
in all other processes of the whole calculation into which the amounta 
of motion of the planets etc. during fractions of a day enter as elements, 
we have derived those amounts from the motions during a sidereal day, 
and not, as in the illustrative processes of our notes, during a mean so- 
.lar day. The divisions of the day given in the text (i. 11-12) are dis- 

tinctly stated to be those of sidereal time, and all tho rules of the treat- 

ise are constructed accordingly (sec, for instance, ii. 59). It is evident, 
then, that in making any proportion in which is involved the amount of 
motion during 60 nadis, that amount is to be regarded as the motion 
during a sidereal day only. In overlooking in our notes the difference 
between the two, we have followed the example of all the illustrations of 
Ilindu methods of calculation known to us. *The difference is, indeed, 
in a [lind process, of very small account; but we have preferred, in 
making this calculation, to follow what we conceive to be the cxacter 
method. The mean motions during a sidereal day of the bodies con- 
cerned in a lunar eclipse are as follows : 


Sun, 8’ 5877 98/7" 55"7"" 
Moon, 8) 95" oll ayn 
Moon's apxis, §! 39! 5307 nn 
Moon's nade, ° 3’ ro! 437"? arr 


III. To find the true longitudes and motions of the sun and moon: 
1. ‘To find the sun's true longitude (note to 11. 39): 


Lorgitude of sun's ap=is, 2017? 17! 247" 
deduct sun's mean longitude (ti. 29), g 23° 42’ = 3" 
Sun's mean anomaly (Kend.), 48 23° 35! ar’ 
Are determining the sine (biuja—ii. 30), 36° 25° 
. Sine of sun's mean anomaly ‘Lhujejmni), 2040! 
Corrected epicycle (ii. 38), 13° 487 
: Kquation (bhujajydphala—ii. 89), ° + 1° 18 
“add to gun's mean longitude, gs 23° 42! 
Sun's true longitude, — 9 25° of 


2. To find the moon's truc longitude (note to ii. 39) : 


Longitude of moon's apsis, 108 13° 45! 53/7! 
deduct moon's mean longitude, 3a 15° 19? aff 
Moon's mean anomaly, " 6s 28° 267 do’? 
Are letermining the sine, ° 28° 97! 
Sine of moon's mean anomaly, 1639! 
Corrected epicycle, 31° 50? 
Equation, — 20 9h 
deduct from moon's mean longitude, .—: 30 15° 19° 


Moon’s truc lungitude, 38 12° 54” 
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8. To find the sun’s true rate of motion (ii, 48-49): 





Sun’s mean motion in 60 nidis, 58’ 587" 
Sine of eun's mean anomaly, 2040! 
Difference of sines, 183! 
Daily increase of sine of nnomaly, : 47" 567" 
Equution of motion, - 4! 5of? 
add to sun's mean motion, 58’ 58'" 
Sun's true motion, ; Go! 48!" 


4. To find the moon's true rate of motion (ii. 47-49) 


Moon's mean motion in 60 nidfs, : 788! 95’¢ 
deduct motion of apsis (ii: 47), ; 6’ 40’ 
Daily increase of moon's mean anomaly, Bi! 45"! 
Sine of moon's mean anomaly, 1637’ 
Difference of sines, , 199’ 
Daily increaso of sine of anomaly, Ggi’ 25" 
Faquation of motion, + Gi! BY 
add to moon’s mean motion, © 788! 257" 
Moon's true motion, . 849’ 33”’ 


IV. To find the interval between the given instant of midnight and 
the end of the halfnonth, or the moment. of opposition in longitude of 
the sun and moon, which is the mildle of the eclipse. 

At the instant of mear midnight preceding full moon, we have found 
the true Jongitudes of the sun and moon, and their distance in longitude, 
to be as follows: 


' Sun's true longitude, 98 25° 0! 
Moon's do., 3a 199 54? 
* Distance in longitude, 68129 67. 


Hence we see that the moon has stil] 12° 6’ to gain upon the sun. We 
have also found their true .rates of motion, and the difference of those 
rates, to be as follows: .. 


* Moon’s true motion, e 849! 33’”° 
Sun's do., Go! 487! 
Moon's daily gain, - 988" 45”? 


Now we make the proportion: if the moon in 60 nidis gains upon 
the sun 788’ 45”, in how many nA&dis will she gain her present disLunce 
in longitude from the sun? or 


788! 45’' : 608+: 726! : 550 13 3p 


It thus appears that the time of opposition is 55" 13" 3P after mean 
midnight of Feb. 5-6. This result, however, requires correction, for 
the moon’s motion has become sensibly accelerated during so long an 
interval, and we find, upon calculation, that she is then 9 past the point 
of opposition. A repctition of the same process shows that it is neces- 
sary to deduct 10¥ 3P from the time stated. Then, at 55" 8Y after mean 
midnight, we have as follows: 
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Sun’s mean longitade, Qs 24° 36’ 
Equation of place, | + 1°20 
Sun's true longitude, ges 25° 50 
Moon's mean longitude, 32 27° 22° 
Longitade of apsis, 108 13° 52’ 
Equation of moon's place, — 1° 26' 
Moon's truce longitude, 35 25° 56’ 


By the same process as before, the true motions of the two planets 
at the moment of oppositién are found to be : 


Sun's true motion, 60’ 48” 
Moon's do. 854’ 36” 


Tt would have been better to adopt, as the starting-point of our cal- 
ewlations, the mean midnight following, instead of that preceding, the 
opposition of the sun and moon, beeause in that ease, tho interval to 
the moment of opposition being so much less, it might have been found 
by a single process, not requiring farther correction. The same change 
would have enabled us to follow strictly the rule given in ii. 66 for find- 
ing the end of the lunar day; which rule we were obliged above to ap- 
ply in a somewhat modified form, because a little more than one whole 
lunar day was found to intervene between the given midnight and the 
moment of opposition. . 

V. To determine the instant of local time corresponding to the mid- 
dle of the eclipse. 

What we have thus far fonnd is the interval between incan inidnight 
and the moment. of opposition. But since ITindu time is practically 
reckoned trom true sunrise to true sunrise, we have now, in order to de- 
termine at what time the eclipse will take place, to ascertaim the inter- 
val bef ween mean midnight and true sunrise. 

In order to this, we require first to know the equation of time, or the 
difference between mean midnight and true or apparent midnight, which 
is the moment when the snn actually crosses the inferior merndian, As 
eoncerns this correction, we have deviated somewhat from the method 
contemplated by the te&t. It is there prescribed (ii. 46) that, so sepn 
as the sun's equation of the centre has been determined, there should 
at once be calculated from it, and applied to the loygitnde of the two 
planets, a correction representing, in terms of thcir motion, the equation 
of time; so that the distance of the moment of opposition from mean 
midnight docs not directly enter into account at all. We have preferred 
to follow the course we have taken, in order to bring out and illustrate 
more fuliy the utter inadequacy of the Lehi ed method of making al- 
lowance for the cyuation of time, to "which we havé already briefly re- 
ferred in the note to ii. 46. The method in question is virtually as fol- 
lows: the sun being found at the given midnight to be 1° 18’, or 78’, 
in advance of his mean place, the equation of time imay be ascertained 
by this proportion: -as a whole Gircle is to a sidereal day, so is the sun's 
equation of place to the tune by which his truc transit will precede or 
follow his mean transit; or, in the present case, 

21,600/; 6on: : 78’: om 13¥ 
3g 


294 Sdrya-Siddhanta, liv. 


which gives us 18 vinddis, or 54 minutes, as the valuc of the equation. 
But this is assuming that the sun’s motion takes place along the equator, 
instead of along the ecliptic, which is so grossly and palpably erroneous 
that we wonder how the ILindus could have tolerated a process -which 
implied it. Their own methods f@rnish the means of making a vastly 
more correct determination of the equation in question. The mean lon- 
gitude of the sun at the given midnight is—after adding to it the amount 
of the precession, as determined farther on—108 14° 7’: hence, if the 
sun were 108 14° 7/ distant upon the equator from the vernal equinox, 
or if he had that amount of right ascensionsmean and true midnight 
would coincide. But he is actually at 10* 15° 25’ of Jongitude. If, 
then, we ascertain what point on the equator will pass the meridian at 
the same time with that point of the celiptic, its distance from the sun's 
mean place in right ascension will be the equation of:time required. 
This may be accomplished as follows. ‘The sun is in the eleventh sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795P: his 
distance from its commenccnient is 15° 25/, or 925’. LIlence the pro- 
portion (ii. 46) : 
1800! : 1795p: : 995! : gaap 

gives us 922? as the ascensional equivalent of the part of the eleventh 
sign traversed by the sun (bhuktdsavas). Now add together the 


Ascensional equivalents of three quadrants, 16,200P 
do. of the tenth sign, 1,935P 
do. of the part uf the cleventh sign traversed, 922P 

their sum is 19,087 


which is equal to 108 17° 37’; this, then, is the sun’s true right asecn- 
sion. The difference between it and his mean right ascension, 108 14° 7’, 
is 3° 30/, of which the equivalent in sidereal time is 219? or 35%, or 14 
minutes. ‘This, which is more than two and a half times as much as 
the value formerly found for the equation, is quite nearly correct; its 
actual amount for Feb. 6th being yviven by the Nautical Almanac as 
14™ 205, : 

There is not, among all the processes taught in the Sfirya-Siddhanta, 
an@her onc of so inexcusably bungling a character as this, while the 
means lay so ready at hand for making it telerably exacte 

In going on to calculate the Jocal time of the eclipse, we shall adopt 
the valuation of the cquation of time given by the Hindu method, or 
13%, but we shall reserve the distance of the phases of the eclipse from 
midnight, free froin this constant error of about 10™, for final compari- 
son with the like data given by our modern tables. 

To find the local time, we must first ascertain (ii. 59) the length of 
the sun’s day, from midnight to midnight, and in order to this we need 
to know in what sign the sun is. Hence we reynire 

1. To'determine the amount of precession fur the given date. 

By iii. 9-12, the proportion . 


: 1,577,917,8284 : Goorev :: 1,817,981g : orev 8 B° 2! 14/6 
gives us 248° 9’ 14.6 as the part of a revolution accomplished by the 
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movable point. Of this, the part determining the sine is 68° 2’ 14".6. 
Then the farther propogtion = i 3 

To: 3: : 68° 2! 14/6: 20° 24’ 44!" 
gives us 20° 24’ 44” as the amount of the precession. Now, then, to 
tho 





Sun's tre longitude, gf 25° 56! 
add the precession, 20? 25! 
Sun's distance from vernal equinox, 108 16° ar! 


This quantity is often called styana strya ; that is to say, “the sun's 
‘longitude with the precession («yana) added.” 

The sun is accordingly in the cleventh sign, of which the ascensional 
equivalent is 1795?, ITis daily motion has been found to be 60’ 48”. 
[ence the proportion (ii. 59) 

1800! : 17g5p +: Gu! 48"? : Gop.64 


gives us 61?, or 10V 1?, as the excess of the siin’s day over a true side- 
real day ot 60 nadis: its length is accordingly GU" 10¥ 1?, or 21,661. 

Next we desire to know how much of this day passed between mid- 
night and sunrise, and fur this purpose we have 

9, To find the sun's ascensional difference (cura). 

a. To ascertain the sun’s declination, and its sine and versed sine. 


The gun's longitude, with precession added (scyana surya), 108 16° a1! 
Are determining the sine (bhiju), 43° 39! 
Sine, ° 2372! 


Now, then, the proportion (ii. 28) 
BSS! s 3yge) ss 25a" G64? 
gives us 964’ as the sine of declination (krdntiud) 5 the corresponding 
are (ii, 33) is 16° 17'S; its versed sine (ii, 31-32) 1s 139!, 
b. ‘To find the radius of the suu's diurnal circle (ii. 60). 


From radius, 3438! 
deduct versed sinc of declination, 120! 
Radius of diurnal circle (dinavydsadula, dyujyt), 32g9’ 


ce, To find the carth-sine (ii. 61). 
The measure of the equinoctial shadow at Washington is (see note to 
ii, 61-63) 94.68, The proportion, then, 
rad : 9,68 si Gf sig} 


shows the value of the earth-sine (Ashitijyd, i jya) to be 778'. 
d. To find the sun's ascensioual difference (ii. 61-62). 
The proportion 
3299’ : 3438! 2: 778’: Sr? . 
gives the sine of ascensional difference (carajyd), which is 811’. The 
corresponding arc, or the sun's ascensioual dillerence (cara, caradala), is 
13° 39’, or 819?. 
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3. To find the time from midnight to sunrise. 

The sun's declination being south, the ascensjonal difference is to be 
added (ii. 62-63) to the quarter of the sun’s complete day, to give the 
length of the half-night. That is to say, 


Quarter of sun's complete day (21,661P —- 4), 5415p 
Sun's ascensional difference, S1op 
Sun's half-nicht, "6,234p 


The interval between true midnight and true sunrise is therefore 
6,234p, or 172 19%. That from sunrise till noon (a quantity required in 
later processes) is found in like manner by subtracting the ascensional 
difference from the quarter-day: it is4596P,* 

Now then, finally, 





Time of opposition, reckoned from mean midnight, 550 gv 
deduct equation of time, 13V 

do. reckoned {rom true midnight, pda Sov 
deduct interval till sunrise, 17m 19¥ 

do. reckoned from sunrise, " 3en 31 


The time at which the opposition of the sun and moon in lonvitude 
takes place, or the iniddle of the eclipse, is accordingly, by civil reckon- 
ga Washington, 37" 31¥, 

‘J. To determine the diameters of the sun, moon, and shadow. 

1. To find the sun's appareut. diameter. 

The sun’s mean motion fia sidereal day being 58’ 58”, his true mo- 
tion at the time of the eclipse being 60 48”, and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 

58’ 58’! : Go! 48!" :: G5ony : 67o2y.8% 


that the sun covers of his mean orbit, at the time of the eclipse, 6702.81 
yojanas. This is reduced to its valuc upon the moon's mean orbit by 
the proportion (iv. 2) - 
57,733,336 : 4,320,000 : : 67025.81 : So1y.37 
An upon dividing the result, 501.87 yojanas, by 15 (iv. 3), we find the 
sun’s apparent diameter tu be #3! 95", 

2. To find the moon’s apparent diameter. 

In like manner as before, the proportion (iv. 2) 

788! 25’' : 854’ 36 :: 480y : 5205.3 

shows us that the moon's corrected diameter is 520.8 yojanas. This also, 
divided by 15 (iv. 3), gives the valuc of the moon’s apparent diameter in 
arc: it is 34/ 41”, 

3. To find the diameter of the earth’s shadow. 

The following proportion (iv. 4), 


788! 25! : 854’ 36’ :: 1600y : 1734.3 


determines the value of the earth’s corrected diameter (sticl) to bo 1734.8 
yojanas. 
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Again, from the — 
Sun's corrected diameter, 67029.81 
deduct the earth’s diameter (iv. 4), 1600 
remains 51029.81 


and this remainder, when reduced by the following proportion (iy. 5), 
GSooy : 480y : : 51o2y.83 : 376y.8 


gives us the excess of the earth's corrected diameter (stet) over the di- 
ameter of the shadow on the moon’s mean orbit. Hence, from the 


Earth's corrected diameter, r34y.3 
deduct last result, Y, : 376y.8 

Diameter of shadow, 7 ~1357y.5 
divide by 15 

Diameter of shadow in are, go’ 3o!! 


VII. ‘a’o determine the moon’s latitude at the middio of the eclipse, 
and the amount of greatest obscuration. 
The proportion (i. 53) 
1,077,917,828 ; 232,238 :: 1,811,981 : 2G6rey 8a 7° 287 25// 


gives us the aniount of retrograde motion of the moon’s node since the 
commencement of the Iron Age. Deducting from this 6%, for the posi- 
tion of the node at that time (note to i. 56-58), and taking the comple- 
ment to a whole circle, we have 





Longitude of moon’s node, mean midnight, at Ujj., g# 22° 31! 35"" 

deduct for difference of meridian, asl! 
Longitude of moon’s node; mean midnight, at Wash’n, gs 22° 30! 14"! 

deduct motion during 55" 3y, 2! 55” 
Longitude of moon’s node at moment of opposition, ge 22° 27! 30// 

subtract from moon’s longitude (ii, 5'7), 3a 25° 56/ 
Moon’s distance from node, 68 3° ag’ 
Are determining the sinc (bhuja), 3° 29! 
Sine, 209/ 

Hence the proportion 


3438! : 270! :: 209’: 16/ 25! 


gives us, as the moon’s latitude at the moment of opposition, 16’ 258, 
Now, then, by iv. 10-11, 


Semi-diameter of eclipsed body (34’ 41//— 2), 17! aa/7 
do. of eclipsing body (90’ 30’’-: 2), A5! 15? . 
their sum, * 6a! 39/7 
deduet moon's latitude, 16! 25¢" 
Amount of greatest obscuration (grdsa), 46’ 12/" 


and since this amount is greater than the diameter of the eclipsed body, 
it is evident that the eclipse is a total one. 
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This is a most unfortunate result for the Hindu calculation to yield; 
for, in-point of fact, the eclipse in question is only a partial one, obscur- 
ing about four-fifths of the diameter of the moon’s disk, The source of 
the error lics mainly in the misplacement, relatively to the sun and moon, 
of the moon’s node, and the consequent false value found for the moon’s 
latitude. The latter quantity actually amounts, at the time of opposi- 
tion, to 35’ 42”, or more than twice the value given it by the Ilimndu 
processes. And it will be seen, on referring to the table on p. 44, that 
the relative crror in the place of the moon’s node, having been accumu- 
lating for seven centuries, is now about 34°, and so reduces, by more 
than half the true distance of the moon from her node. We have tried 
whether the admission of the correction of the bia would better the re- 
sult, but that is not the case: the error of position is still (see the table) 
nearly 2°, and the mgon’s latitude is increased only to 24’ 11”, so that 
the eclipse still appears to be total. It is evidently high time that a new 
correction of bija be applied by the Jindu astronomers to their clements, 
at least to such as enter into the calculation of eclipses. 

VIIL To find the duration of the eclipse, and of total obscuration, 
and the times of contact, immersion, emergence, and separation. 





Diameter of the eclipsing body, the shadow, go! 30%? gn? Bo!” 

do. eclipsed budy, the moun, BH! fi" BH Aut 

Sum and difference, 25/55 4g’ 

Half-sum and half-difference (C M and CN, Fig. 21,p.183), 62’ 35’ a7? 55" 
Squares of do., 3919! 724! 
© deduct square of latitude, abo’ atig’ 

remain, 3650! 455" 

Square roots of remainders (C A and CB), Go’ 25" ar! 19!" 


In order to reduce these quantities to time, we need first. to ascertain 
the difference of the true daily motions of the sun and jnoon at the 
given moment: 


Moon's true daily motion, 854’ 36" 
Sun’s do., 60! 48) 
Moon's gain in a day, , 793" 48" 


Hence the proportiuns (iv. 13) 


6o! 25" : 4n 34v 
ar’ ig! : 18 J6Y 4P 


give us the half-duration of the cclipse as 4" 34¥, and the half-time of 
total obscuration as 1" 36V 4?, supposing the moon’s latitude to remain 
constant through the whole continuance of the eclipse. We now pro- 
ceed to correct these results for the moon’s motion in latitude. Aud 
first, us regards the half-duration. We calculate the amount of motion 
of the moon and of her node during the mean half-duration by the fol- 
lowing proportions (iv. 14) : : 
Gon: 8547 367s: 4m 34v; 1° 5! 2! 
Gon: 3/10! :; 4n 34: 14/" 


793! 48/' : Gon: : 
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Farther, 
To and from moon's long. at opposition, 38 25° 56’ 38 25° 56’ 
add and subtract motion during half-duration, 1° 5° 19 





Moon's long. at end and beginning of eclipse, 35 27° 1’ 38 24° 51’ 
From and to long. of node at oppositien, 93 22° 27/21” gs 22° 27 a1” 


subtract and ad@ motion during half-duration, 14" 14” 
Long. of node at end and beginning of eclipse, gs 22° 27’ g® 22° 26! 
Moon’s distance from node, 6s 4° 34 Gs 2° 23’ ; 
Arc determining sine, 4° 34 a° 23 
Sine, 274! 143 
Moon's latitude at end and beginning of eclipse, ‘ar 3" Ss. ru 14” 8. 


Front these valuations of the latitude we now proceed to calculate 
anew, in the same inanner as before, the half-durations, as follows : 





- Square of half-sum of diameters, | 3919 3919 
deduct squares of latitude, 463 126’ 
remain, 3456’ 3793’ 

Square roots of remainders, . 58’ 47" 61" 35" 


And the proportions 


» on en. § 28 477: 40 26v 3D 
793 hig -Oo0:: 6r' 35”: 4a 3gv 9) 
give us the corrected values of the intervals between opposition and con- 
tact and separation respectively, or the former and latter half-durations, 
as 4" 39¥ 2p and 4" 26% 3p, 

The text contemplates the repetition of this corrective process, if still 
greater accuracy be required in tlic results attained : we have not thought 
it worth while to carry the calculation any farther, as a second correc- 
tion would be of altogether insignificant amount. 

By a like process, the former and latter half-times of total obscura- 


tion, and the moon's latitude at immersion and emergence, are found to 
be as follows : 


Moon's latitude at immersion and emergence, _—1.4’ 36” 18’ 13” 
Half-times of total obscuration, 10 42v 3p 1B 29¥ 4P 
By adding the two halves we obtain 
Duration of the eclipse (sthi#i), g= 5v Sp 
do. of total obscuration (vimarda), ' 93n tav rp 


Aud by subtracting and adding the hali-times of duration and of 
total obscuration from and to the time of oj position (iv. 16-17), we 
obtain the following scheme for the successive , hases of the eclipse : 


Ph Time of occurrence : 

_— after mean midnight, after aunrise. 
Firat contact, 5o" 23V 4P Jan 51 4p 
Immersion, 530 aux 3p 35n 4Bv 3p 
Middle of eclipse, 550 3v op 370 314 op 
Emergence, 560 3av 4p 3gn_ ov dp. 


Last contact, ‘Sgn agv gp 4:n 57v 3p 
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The proper calculation of the eclipse is now ey pea If, however, 
‘we desire to project it, we have still to determine the valana, or decflec- 
tion of the ecliptic from an east and west line, for its different phases, 
as also the scale of projection. We will therefore proceed to calculate 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with th6se given’ by modern astronomical 
science. 

LX. To calculate the deflection of the ecliptic from an east and west 
line (valana) for the middle, beginning, and end of the eclipse. 

1. For the middle of the eclipse. 

a. To find the length of the moon’s day and night respectively at the 
given time. 


Moon’s longitude at opposition, 30 25° 56’ 
Precession, 20° 25’ 
Moon's distance from vernal equinox, 45 16° 21’ 
Arc determining sine, 43° Sy 
Sine, 4 372’ 


The moon’s declination is then found by the following proportion 
li, 28) : 
( ) 3438! : 1397! :: 2372! : 964/== sin 16° 17/ 


Now, from 

Moon's declination, . >... 16° 17' N, 
deduct her latitude (ii. 58), 16’ S, 

Moon’s true declination, 16° 1’ N, 

Sine of do., 948’ 

Versed sine of do., 134 
deduct from radius (ii. 60), 3438' 

Moon's day-radius, 3303’ 


Again, to find the earth-sine, we say (ii. 61), a 
rad; 94.68 : : 948’ : 765’ = earih-sine. 
and to find the ascensional difference (ii. 61-62), 
3303! ; 3438! : : 765’ : 796’ ==sin 13° 24’ or 804). 
The excess of the moon’s complete revolution over a sidercal day is found 
by the proportion (ii. 59) © 
1800! + 1795P : : 849’ 33” : B48P 
Adding this to a sidereal day, or 21,090P, we find that. the moon’s day 
is of 22,448P, of which one quarter is 5612?, Increase and diminish 
, this by the moon’s ascensional difference (ii, 62), and the half-day and 
half-night are found to be 6416r and 4808p respcctively. : 

All this laborious process of ascertaining the length of the moon's 
half-day, or the time which, with the given declination, ahe would oc- 
cupy in rising from the horizon to the meridian, is rendered necessary 
by the correction which the commentary applies to the rule of the text 
in which the moon's hour-angle is involved, as pointed out in the note 
_ to iv. 24-25 (p. 140, above). We now proceed 
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b. To find the hotr-angle, and the corrected hour-angle. 

At the moment of opposition, the moon’s hour-angle is evidently the 
same with that of the sun. lence it may be found as follows: + 





Time of opposition reckoned from sunrise, 378 31Y, or 13,506P 
deduct the whole day, 9,192P 
remnins : 6,314? 
deduct from the half-night, 6,235P- 

Sun's distance in-time from inferior meridian, oY 9218 


The moon's distance eastward from the upper meridian is accordingly 
1921p, T his is corrected, or reduced to its proportional value as a part 
of the moon's are of revolution from the horizon to the meridian, by the 
following proportion : 
 64iGP: go® +: 1921p: 26° 57! 

The moon’s corrected hour-angle, then, is 26° 57’ : its sine is 1557’. 

ce 'Log'ytermine the amount of deflection for latitude (valandngds, or 
dksha valauna—iv. 24). 

The sine of the latitude of Washington, 38° 54’, is 2158’. Hence 
the proportion 

32872 15974 2: ar58" + gv7/s=sin 16° 317 


vives us 16° 317 as the value of the quantity suugit. The moon being 
in the eastern hemisphere, it is to be reekoned as north in direction. 

d. To determine the amount of deficction for ecliptic-deviation (4yana 
valunn—iy.25). 


Moon's distance from yernal equinox, 4" 16° a1? 
tld a quadrant, 33 
their sum, 7810)? at! 
ore determining sino, 46° a1’ 
bine, 2486! 


Lenee, by ii, 28, the proportion 
3.{38’ : 1397! : : 2486’: 1010’ =sin 17° 6! 
gives us 17° 6! as the amount of declination of the point of the ecliptic 
which is a quadragyt in advance of the moon, and this is the deflection 
required, Its direction is south, We are now ready for the final process. 
e. ‘To asccrtain the net amount of deflection (valana), in digits. 


From the ecliptic-deflection, 17° 6’ 5S, 
deduct the deflection for latitude, 16? 31/N, 
remiins tle net deficction, in are, : 35’ S. 
divide (iv. 25) by 70 
Deflection in digits, o50 §, 


It thus appears that, at the moment of opposition, the part of the 
ecliptic in which the moon is situated very nearly coincides in direction 
with an east and west circle. The amount of deflection is so small that 

: x!) ‘ : 8 


@ 
a 
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in our projection, given in connection with the sixth chapter, we were 
obliged to exaggerate it somewhat, in order to make it perceptible. 

2.2 For the beginning of the cclipse. 

As, owing to the moon’s motion in latitude and longitude, her decli- 
nation, and so also her ascensional difference, are not precisely the same 
at the beginning and end of the eclipse as at the moment of opposition, 
We ought in strictness tu repeat, the first part of the preceding calcula- 
tion, determining anew the length of the moon’s half-day, ‘as it would 
be if she rade her whole revolution about the earth with those declina- 
tions respectively. This we take the liberty of omitting to do, as the 
modification thus introduced into the process would be of very small im- 
portance. ) 

a. To find the moon's corrected hour-angle. 

And first, for the sun’s hour-angle : 


Time of first contact, reckoned from sunrise, 329 51v 4P, or 11,830? 


deduct the whole day, 9,192P 
reniain « 2638p 
deduct from the half-night, 6,235p 
Sun's distance in time from inferior meridian, 3,597? 


This, then, is the hour-angle of the centre of the shadow at the time 
of contact. The distance of the centre of the moon in longitude from 
that of the shadow ‘was found above (under VIII) to be 61! 35”. This 
is reduced to its vglue in right ascension by the proportion 


1800’: 1795p::61/ 35": 61P.4 * 


Now, then, 


from the hour-angle of the shadow, 3,597P 
deduct the difference of the moon's right ascension, G1P 
Moon's hour-angle at beginning of cclipse, 3536p 


This is virtually an application of the process taucht in iii. 50. 
Thg moon’s hour-augle is now corrected, as uefore, by the proportion 
6416p : gv° : : 3536p : dg? 36’ 
The sine of 49° 36’ is 261°7'. 
b. To find the deflection for latitude. 
The proportion 8 
3438! : 2158’ : ; 2619’ : 1643’ = sin 28° 34’ 
gives us the deflection fer latitude as 28° 34', which is north, as before. 
c. To find the ecliptic-delicction. 





Moon's distance from vernal equinox at opposition, 4s 16° a1! 
deduct motion during 49 39v 2p, 1° 6! 
do, at time of contact, 42 159 15! 
add a quadrant, 3s 
sum, ye 15° 15? 
- are determining sine, 45° 15/ 


sine, 244i! 
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Next, the proportion 
3438’ : 1397’ : : 2441’ : gga’ == ain 16° 47’ 


shows us that the ecliptic-deflection is 16° 47‘; it is, as in the former. 
case, south. 


d. To find the deflection, in digits. 





From the deficction for latitude, 26°. 34’ N. 
deduct the ecliptic-defiection, 16° 47’ S. 
remains the uct deflection, in are, ° 11° 47’ N. 
its sine is 702! 
divide by 70 
Deflection, in digits, 104,03 N, 


%. For the end of the eclipse. 
Of this process, which is throughout closely analogous to the last, we 
shall present only a brief statement of the results. 


Hour-angle of the centre of the shadow, 322? EB. 
Distance of the centre of the moon in right ascension, 59? E. 
Moon's hour aazle, " QSipE. oe 
do. corrected, 5° 20’ 
Sine, : 320 
Deflection for latitude, 3? ar’ N. 
Moun's distance from vernal equinox + 3s, 78 17° 24? 
Arc determining sine, : 47° 24’ 
Sine, 2530’ ~ 
Ecliptic-deflection, 17° 24’8. 
Net deflection, in are, . i4° 3’S. 
do. in digits, 114,93 8S. 


The inode of application of these quantities in making a projection 
of an eclipse is sutliciently explained in the notes to the sixth chapter, 
and illustrated by the figure there given, which is adapted to the condi- 
tions of the eclipse here caleulated. All the quantities entering into the 
projection, however, of which the value has been stated in minutes, re- 
quire also to be reduced to digits, according to a scale determined by the 
following process. 

X. To determing the scale of projection of the disks and latitudes 

lv. 26). ° 
: hie process we will perform only for the moment of opposition, or 
for the middle of the eclipse. At this time, 2s has been seen above, wé 
have 








Moon's half-day, . 6416p 
do. hour-angle (nata), 1921P 
do. altitude in time (unnata), 4495? 
add 64:67 x3 * 19,248P 
the sum is 23,743? 
divide by 6,416p 





the quoticnt is. 3.7 
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same with those illustrated by us in.tho notes to i. 21-28, 24, 48, 48-51, 
above, It will be noticed that the Hindu astronomer, at least when’ 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing the labor of computation which 
the text directly or impliedly permits, and of which, in our own calcu- 
“lations, we have been glad to avail ourselves, 

II. To ascertain the mean longitudes of the sun, the moon, the sun's 
apsis, the moon's apsis, and the moon's node, for mean midnight on the 
Hindu meridian, at the given interval from the creation. 

The amount of motion, since the creation, of the bodies named, in: 
their order, is found by the following series of proportions: 


1,977,917,828 : 714,404,106,597 :: 4,320,000: 1,955,884,955rev 18 129 14? 14’ 
1,977.917,828 : 714,404,106,527 : : 57,753,336 : 26,147,889,118rev 18 9° 44’ a9!’ 
1,977491 7,828,000 : 714,404,106,527 :: 387: 175rev 28 19° 39° 93/7 
¥,977.917,828 : 714,404,106,527:: 488,203: © 22,134,467rev 29 219 56” 9! 
1,577,917,828 : 714,404.106,527 :: 232,238: 105,146,oaurev ron 17° 11’ 50?! 


Rejecting whole revolutions, and, in the case of the moons node, 
subtracting the fraction from a whole revolution, we have, as the mean 
longitudes required : 


Sun, 1 62° 14’ 14” 
Moon, “ 18 y? 44’. 2g” 
Sun’s apogee, . a8 179 17° 23” 
idfvon’s apogee, 20 21° 56/+ 9” 
Moon's node, m3 199 48! 10" 


‘ The Hindu calculator has taken, in the case of the moon’s apsis 
and node, the numbers of revolutions given by the text, omitting the 
correction of the bla. We have not, in order tq test tlie accuracy of 
his arithmetical operations, worked over again the proportions, exeept- 
ing in two instances, the first and last: our results differ but slichtly 
from those above given (we find the scconds of the sun’s place to be 40”, 
and the minutes and seconds of the node’s moticn tu be 12! 43”)—not 
enough to render any modification necessary. 

IL To ascertain the values of the same quantities at mean’ sunrise 
on the equator, or 6 o'clock. 

In order to this, we must add to cach planet’s longitude one fourth 
the amount of its mean motion in a day,, We require, then, the mean 
daily motions. Thicy are found as follows, taking the sun as an example : 


za 1,977,917,628d : 4,320,000rev =: 1d ; 59’ 8” 10" 10°"".4 
We omit the other proportions and thcir results, as the latter have been 


fully stated in the table of mean motions of the planets (note to i. 29-34), 
Adding a quarter of the daily motion, we have as follows: 


- Long. at midnight. Correction, Long. at sunrise. 
Sun, 18 129 14" 14” + 14! 47! = 8129 a9’ 1” 
Moon, 4 Ja 9° 44! 29” +- 30 17’ 39/’ = yey3° 4 8” 
Sun’s apogee, 20399 19/239” + oO = 38 ty? 17! 937 
Moon's apogee, as 21° 56” 9” +. 1’ fo"! == 98 ar9 57” fo” 
Moon's node, 18 12° 48’ 10” @— 48" = 1% 109 45’.99% 
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TV. To ascertain the values of the same quantities at mean suntise 
upon the equator, on the meridian of the given place. 

Adopting 75° 50’ as the longitude of the Hindu meridian cast from 
Greenwich, we have, as the interval in longitude of Williams’ College 
from it, 149° 2’ 30", which is equal to 24" 50" 2P, The latitude is, 
42° 42’ 51”. We have, then, first, to determine the distance of the 
place in question, upon its own parallel of latitude, from the Hindu 
meridian. 

The equatorig] circumference of the earth has been found above (note 
to 1. 59-60) to be 5059.64 yojanas. Its circumfcrence upon.the paral- 
lel of latitude of Williams’ College is found (i.60). by the following 
proportion : 42 

3438’ (= R): 2525’ (= cos 42° 42! 51’): : 5059.64 : 3715y.97 
The decdntara, or difference of longituje in yojanas, is then deter- 
mined thus : 
Gun : 240 5ov ap :: 3715y.97 : 1538y.41 
. And the degéntaraphala, or correction for difference of longitude, is 
calculated from the daily motion of cach body, by such a proportion as 
the one subjoined, which yives the sun’s correction : 
a 3715y.97 : 1538y.41 2: 59! 8: 94! 27” 

We omit the other proportions, and merely present their results in 

the following table: 


; Sunrise at Lanka. Correction, Sunrise on giv. merid. 
Sun, 1972929’ 1% = . 24/97” == Ig 12° 53’ 28” 
Moon, 19939 2” BY - 5 27 12 = 18 18° 29’ 20” 

- Sun's apogee, 29.179 1723” -- ou = 28179 19° 23” 
Moon's apogee, as 210 57’ 49” = 2’ 45% = 28 22% 0° 34” 
Moon's gode, ,t8 12° 47722" — 19” == 1872° 40’ 3” 


We have already (note to 1. 63-65) called attention to the excessively 
awkward and cumbrons character of this process for making the correc- 
tion for difference of meridian, ° 

V. To find the sun's true longitude. 

From the longitude of the sun's apsis, 


28 199 197 35" 
deduct sun's mean longitude (ii. 29), 


ri 12° 53° 26” 

Iy 4° 23° 55” 
; 1927° 
The diminution of the sun’s epicycle is now found by the following pro- 
portion (ii. 38) : = 

3438! : 20'::1927': 117 12” 
The dimensions of the.epicycle are, then (1i 34), 14°—11'12”, or 
18° 48’ 48”, Next, the proportion (ii. 39) 
a 360° » 13° 48’ 48” :: 1927’: 716/ 11” - 
ives us the sun’s equation of the centre, which, by ii. 45, is additive.. 





Sun’s mean anomaly, 
Sine, 


ence to the . :; e a 
Sun’s mean longitude, 18 12° 53° 98" 
add the equation, 19 14° 14” 


Son’s truo longitude, Te 14° 7’ 39! 
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This calculation exhibits a rather serious error: the sine of 34° 24’, 

the anomaly, js 1942’, not 1927’. The final result, however, 1s not per- 

ceptibly modilied by it: the equation ought to be 1° 14’ 30”, and the 

true longitude 12 14° 7’ 58”, 

VI. ‘To find the moon's true longitude. 


f 
From the longitude of the moons npsis, 9892° of 34! 
deduct moon's mean longitude, 18 18° 29’ 20! 
Moon’s mean anomaly, re 3° 31 1 rT, 
Sine, 1898! 
Diminution of epicycle, re aff 
_ Dimensions of epicycle, 31° 48! 58 
Equation of the centre, + 2° 47! 
Hence, to the 
Moon's mean lonzitude, 18 18° 39! 20/7 
add the equation, 3° fz! 
Moon's true lonsitude, 18 91° ¢fh 90! 


VII. To calculate the true daily motiens of the sun and moon. 
The equations of motion fur the san and moon have been found by 
- the calculator of the-eclipse by the following proportion: as the whole 
orbit of cither planct is to its epicyele, so is its mean daily motion to 
the reauired equation. That is to say, for the sun, 
Bu? : 139 48" 48" 5: hg! Bs a! 16" 
which, by ii. 49, is subtractive. Wence the stin’s true motion is 59’ 8” 
— 2! 16", or 56’ 52", 
Againptor the moon, : 
360° : 31° 48! 58'": : 790’ 35”: Gy’ 36/7 ; 
And the moon’s true motion is 790’ 35 —60! 36", or 720" 59", 
_ These calculations are exceedingly incomplete and erroneous, as may 
readily be seen by referring to the corresponding precess in the other 
eclipse, or to that given as an illustration iu the note to ii, 47-49. The 
actual value of the sun’s equation of motion, as fully ealeulated by the 
method of our treaiise, is only 1751"; that of the muon is dnly 58/49" 
whence the true molidns are 57! 10" snd 731! 46" respectively. These 
are clanents of so inueh tnportance, and they enter so various]y into 
the after operations, that we bare hesitated as to whether it would not 
be better togcaneel the whole work of the Hindu caleulator from this 
pe onward, and to perform it anew ina more cxact Manner; but we 
ave fiually concluded io present the whole as it is, as a speeimen-— 
although, we Hope, not a favorable one—of native work; pointing out, 
at the sume time, its defiviences, and cautioning against its results being 
accepted as the bgst that the system is capable of affording. 

We have thus far found the true longitudes of the sun and moon for 
the momentgpf mean sunrise at the equator, upon the meridian of the 
given place. We desire now farther to find the same data for the mo- 
mentyof sunrise upon the same meridian in latitude 42° 42/51” N, 

‘ Vik. To find the longitudes of the sun and moon at sunriscin long. 
149° 2/80", lat. 42°42/51"N, 


v.] Calculation of a Solar Kelipse. 800 


1. To calculate the precession of the equinoxes (iii. 9~12). 
Lhe proportion 


1,977,917,828¢ : Goorev : : 714,404,106,527 | 271,650rev 88 7° 45! 29!" 


ives us the amonnt of the motion of the equinox in its own cirtle of 
ibratory revolution, since the beginning of things. Rejecting complete 
revolutions, and deducting 6* from the fraction of a revolution, we have 
the distance of the equinox from the origin of the sidereal - sphere, in 
terms of its’ own revolution, as 67° 45/22”: three tenths of this, or 
20° 19! 36”, is the amount of the precession. 
2. To calculate the sun’s declination. 


® - 
Sun’s longitude, ra 14° 7! 39’? 
Preecession, 20° 19! 36! 
Sun's distance from vernal equinox, as 4° a7! 15” 
Sine, ; 3ror’ 
Then, by ii: 28, 
. 3438’ : 1397! :: Stor’: 1260! = sin 21° 31’ 3” 


the sun’s declination is therefore 21° 31! 3”., 
3. To calculate the sun’s ascensional difference. 
The radius of the sun's diurnal circle (dyujyd—ii. 60) is 3199". 
The equinoctial shadow in the given fatitude is 11407, being found 
by the proportion (iii. 17) 
cos lat.: sin Int. :: gnoma. : eq. shad. 
or 2525/: 2330’ :: rad: 114,07 


Again@o find the carth-sine (kujyd—ii. 61), 

gad: rido7 +: 1260’: 11627 ‘ 
And, fo find the sine of ascensional difference, 

3199/ : 3438’ >: 116! : 1249’ 


The corresponding arc is 21° 19, or 1279’; and since a minute of 
arc is equivalent to a respiration of time, the sun's ascensional difference 
in time is 1279, or 213%, or 3" 33°, rejecting the odd respiration. 

4. To calculate the length of the sun’s day. ° 

The sun being in the third sign, 6f which the equivalent in right as- 
cension (iii. 42-45) is 1935P, the excess of his day over 60 nddis is found 
by the proportion . 

1800’ : 1935p : : 59’ 87’: 63P 
whence the length of his day is 21,663P?. © | 

Tu this calculation of the length of tho stn’s day, the operator has té- 
ken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the n 2aning of the guile of the 
text (ii, 59), as explained by the commentator. 

Now, in order to find the ditference between the sun's longitude at 
sunrise on the cquator and sunrise on the given parallel of north latitude, 
we make a proportion, as follows: if im his whole day the sun moves 
an amount equal to his daily motion, how much will he move during an 
" interval corresponding to his ascensional difference?-or . ° » 

¢%q 21,663p: 59’ 8/":: ra7gP: 3’ ag’ " 
- 40 
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The sun's declination being north, sunrise on the given parallel pre- 
cedes sunrise on the equator, and hence this result—which is called the 
cdrakalas, “ minutes (kalé) of longitude corresponding to the ascensional 
difference (cara)"—is to be subtracted from the sun’s longitude as for- 
merly found. That is to say, 


Sun's longitude at equatorial sunrise, 18 142 7” 39/7 
deduct the correction (carakuliia), ' 3! ag! 

Sun's longitude nt sunrise, lat. 42° 42’ 51/' N.,, 
long. 149° 2’ 307! W. from Lanka, 





fii 
ma a4° 4! 107 





In finding the corresponding value of the moon's longitude we apply 
first a correction for the sun’s eytntion of place ; if is, in fact, the equa- 
tion of time, calculated after the entirely insuflicient method which we 
have already fully exposed, in connection with part V of the preceding 
process. The proportion is (ii. 46) as follows : 

21,6007 : 79073572219 1g! aa’ sa” 43” 

Here, again, bad is made worse by taking as the second term of the 
proportion the moon’s inean, instead of her true, rate of motion. «It is 
to be noticed that a like correction should have been applicd also to the 
sun’s longitude, but was omitted by the calculator. We have, then, 


Moon's longitude, mean equatorial sunrise, 18 21° 16! 20” 
add the correction for the equation of time, : a! 43"! 
Moon's longitude, true equatorial sunrise, 18 31° ig’ 3!" 


Now we apply farther the correction for the snn’s ascensional differ- 
ence (carasenskdra) ; it, is caleulated. in the same manner wih that of 
the sun, and its amount 1s found-to be 47! 51”, 


Moon’s longitude, true equatorial sunrise, War ig! 3” 
deduct’the correction fur the sun's asc. diff., di7’ Ar 
Moon's longitude at sunrise, lat. 42° 42’ 51’ N,, 9 peer ee 

long. 149° 2! 30! W. from Lanka, j r# 20! Ji’ 12!" 


On comparing the longitudes of the sun and moon, as-thus deter- 
mined, it is scen that tlre time of corjunction is already past. lence 
the calculation is carried a day bacRwarl, by subtracting from the lon- 
gitude of each body its motion during a day. ‘That is to say, 


Longitude . Longitude 
sunrise following eclipse, 22y'@ oftion. — wunrise preceiing eelips 


Sun, . m4? A410" — 56' 52" == 18 13° 7! 18" 
Monn, 18207 Si’ aa” — 12° of 59” == 18 8° 30! 13” 
Moon's node, 1812° 467 3! + Soar! = 18 12° fo! 14" 


This is gn entirely uncalled-for, and a highly inaccurate procecding. 
By the ruf given in our text (ii. 66), it is just as easy and regular a 
process to find from any given time the interval to the beginning of the 
current lunar day by reckoning backward, as‘that to the end of the day 
by reckoning forward. And to assume that the whole calculation may 
be transferred from one sunrise back to the preceding by simply deduct- 
ing the amount of motion in a day as determined for the former time is 
to take a most unwarrantable liberty, and to ignore the change during 
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the interval of many of the elements of the calculation, as the sun's and 
moon’s rates of motion, the sun’s declination and ascensional @fference, 
etc. In making the transfer, moreover, the longitude of the moon’s 
node has been taken as found for mean equatorial sunrise, without any 
correction for the equation of time, or for the sun’s ascensional difference. 

IX. To find the time of true conjunction, and the longitudes of the 
sin, moon, and moon's node at that time. By ii. 66, from the: «. 





Moon’s true longitude, 1 8° 3o’ 13” 
deduct the sun's do., 19 13° 97 18" 
remains ; 115 25° 22’ 55” 
divide by the portion of a lunar day, 720’ 
the quotient is 294 and 442’ 55” 
deduct the remainder from a whole portion, 720 
remains a77' 5" 


This process shows us that the inoon has still 277’ 5" to gain upon 
the sun,ain order to arrive at the end of the thirtieth or last day of the 
lunar ynonth, or at conjunction with the sun. 





Next, from the ’ 
Moon’s true daily motion, 720’ 59” 
deduct the sun’s do., 56’ 5a” 
Moon's daily gain in lungitude, 664" 7” 


Hence the proportion 

66.9 7°" : Gon :: 297° 5" : 250 av 
gives us the time of conjunction, reckoned from sunrise, a3 25" 2¥. 

Now, by iy. &, we proceed to find the longitudes for that time. The 
amounts of motion during 25" 2” are found by the following proportions : 

56’ 52": 23' 43" 

Gon ; 250 a 720° 59” : Joo’ 48” 

" Soi”: 19" 


Then, to the 


Sun’s longitude at sunrise, w13° 7! 18"" 
add the correction, 23’ 437" 
Sun's longitude at conjunction, a) 13° 31? yer 
Moon’s longitude at sunriso, 18 8° 3o! 137" 
add the correction, — 5° ol 48"" 
Moon's longitude at conjunction, ya73° 3u% 3? 
Node's longitude nt suniise, 18 12° fo! 14" 
deduct the correction, i! 19f? 
Node’s longitude at conjunction, 18129 49! 550? 


The mode of proceeding adopted by us above, in the lunar cclipse, 
for finding the time of the middle of the eclipse, and the longitudes of 
the sun and moon at that time, is, as will not fail to be observed, quite 
different from that of the native calculator of this eclipse. That fol- 
lowed by Davis, or his native assistants (As. Res, ii..273 ete.), varies 
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considerably from both. Our own method, though varying m some 

reapects gom that contemplated by the text, is a not less legitimate ap- 

plication of its general methods than either of the others, and it poa- 
peases this important advantage over both, that we were able to verify 
it, and to show, by calculating the mean and true places for the given 
instant, that the latter was actually the one at which the system made 
the opposition of the sun and moon to take place: while, on the con- 
trary, in the process now in hand, so many errors have been involved, 
that, were the same test to be applicd, we should find the centres of the 
sun and moon many minutes apart at the moment fixed upon as that of 
conjunction, and the place of conjunction as far removed froin the point 
of longitude above determined for it. 

X. To find the apparent diameters of the sun and moon. 

These quantities are determined by means of the following propor- 
tion: as the mean daily motion in yojanas is to the mean diameter in 
yojanas, so is the true motion in minutes to the true diameter in min- 
utes. That is to say, for the sun and moon respectively, 

11,8588y : G5ooy:: 46! 52/?: 31! 1077 8 
11,858$y : 4807: : 720" 59/’: a9! 9’? 

This method is in appearance quite different from that which is pre- 
scribed by our text (iv. 2-8), but it is in fact only a simplification, or 
reduction, of the rules there given. Thus, for the moon, the text gives 

ni. mot, in minutes: true mot. in min.::m. diam. in yoj.: true diam. in min. X 15 


Transposing, now, the middle terms, transferring the factor 15 from the 
fourth term to the first, and noting that the mean motion in minutes, 
when multiplied by 15, gives the valuc of the same in yojanas, we haye 
the former proportion, namely, 

m. mot. in yoj.: m. diam. in yoj.: : true rot. in min.: true diam. in min. 


Again, in the case of the sun, the rules of the text give 


m. mot. in min.: true mot. in min:: m. diam. in yoj . truc diam, in yoj. 
and =e true diam. in yoj.== true diam. in min. 15 X (sun's orbit — moon's orbit) 


Now transposing the secon and third terms of the proportion, sub- 
stituting for the fourth its equivalent as here stated, and transferring to 
the first term the last two factors of that equivalent, we have 
— nPistie :in. d.in y.:: true mot. in min. : true diam. in min, 
moon’s orbit 

But the first term, as thus constructed, is, by the method of determina- 
tion of the planetary orbits (sce xii. 81-83), cqual to the sun’s inean 
daily motion upon his orbit reckoned in yojanas: hence the proportion 
becomes for the sun, as for the moon, 
m, mot. in yoj,:m. diam. in yoj. :: true mot. in min, : true diam. in min. 
XI. To calculate the parallax in longitude (Jambana), and the time 
of apparent conjunction (v. 3-9). 
1. To find the orient ecliptic-point (agna) at the moment of true 
copjunction (iii, 46-48). 
_ In order to this, we require to have first the equivalents in oblique as- 
cension (udaydsavas) of the several signs of the zodiac for the latitude 


m. mot. in mip. X 15X 
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of Williame’ College, 42° 42 51”N. We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated by 
ourselves according to the method taught in our text (iii, 42-45). It 
will be noticed that the differences are not inconsiderable, and evince 
much carelessness on the part of the native astronomer; who, moreover, 
employs vinddis only in his processes, rejecting the odd respirations, 
which is an inaccuracy not countenanced by the Strya-Siddhaénta. 


Equivalent In oblique ascension : 
acc. 


acc. to calculator.’ to us. 
Tr 1008p rath sign 
and “ Save. “hares 12385 uth “ 
3rd “ 289% or 1722P 1699p 10th “ 
Sth “ 359v or 2154? 2173P qth “ 
5th “ 387" or 2322P 2352p 8th “ 
Gth “ 388" or 2328p 2332p ath “ 


The equivalents assigned by the Hindu calculator to the 3rd and 4th 
signs are moreover, it may be remarked, inconsistent with one another, 
since tifc one ought to fall short of 1935? by as much as the other ex- 
ecels that quantity. 

Now, then, to the 


Sun's longitude at conjunction, 18739 3y/ sf 
add the precession, @ : 20° 19! 36/’ 
Sun’s distance from the equinox, as 3° 5o! 37/7 


It appears, accordingly, that the sun is in the 3rd sign, and 26° 9/ 28” 
from the beginning of the fourth. Hence the proportion (ili. 46) 
. 30° ; 287¥ : : 26° 9/ 23/’ : aor" 
give us 250° as the ascensional equivalent of the part of a sign to be 


traversed (bhogydsavas). The time of the day, or the sun’s distance in 
time from the castern horizon, is 25° 2", or 1502". Then, from the 








Time of conjunction, 1502" 
deduct asc. equiv. of part of 3rd sign, aSov 
remains 7 1252V 
deduct asc. equiv. of 4th, Sth, and 6th signs, 1134¥ 
remains | r18V 


This remainder of time, or of ascension, is reduced to its valuc in arc 
of the ecliptic by the proportion (iil. 49) . 
38Bv : 30° :: 118V: 9° 7! 25// 


Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point (lagna) is found to be 6: 9° 7/25": its sine is 544! 
(more correctly, 545). . 

2. To find the orient-sine (udayajya—v. 3). 

This is found by the proportion 

2525’; 1397’: : 544! : Jor’ 
2525! being the cosine of the latitude, and 1397’ the sine of the inolina- 
. tion of the ecliptic (ii. 28). 
3. To find the meridian ecliptic-point (madhyalagna—iii. 49). 
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In order to this, we must first. know the sun’s hour-angle (natu), or 
distance in time from the meridian; it is determined as follows: 





A quarter of the complete day, 150 ov 
add the suu’s ascensional difference, ; . . « Inj 
The sun's half-day, 18n 33¥ 
deduct from time of conjunction, 25n av 
Sun’s hour-angle, west, : Gn 297 


The sun's distance from the beginning of the fourth sign was found 
above to be 26° 9’ 23”. Its equivalent in right ascension (lankodayé- 
savas) is found by the following proportion (1i1.,49) : 

3v° : 3a3v:: 26° 9! 23’: 285v 
Now, from the 


Sun’s hour-angle, 6p 29v, or 38Qv 
deduct the result of the last proportion, 985v 
a Sn 

remains 104y 


and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48) 

: 323¥ + 30°: 104¥ 59° 3 gy!’ 

The longitude of the meridian ecliptic-point is accordingly 3" 9° 3/57": 
its sine is 3393/, : 

In criticism of the process as thus conducted, we would only remark 
that the quarter of the sun’s day should have been called 15" 2¥ 4? (sec 
above, VIIT. 4), and that to take 3237 as the equivalent in right aseen- 
sion of the third and fourth signs is inaccurate, the value given it by 
our treatise being 1935?, or 3224" 

4. To find the meridian-sine (madhyajya—yv. 4-5).° 

First, the declination of the meridian ecliptic-point is determined by 
the proportion (ii. 28) 

3438’ : 1397’: : 3393’: 1378’ = sin 23° 3g! 37” 
Its value being north, it is deducted from the latitude of the place for 
which the calculation is made, since this, though by us reckoned as 
north, is to the Ilindu apprehension (iii. 14) always south, being meas- 
ured south from the zenith to the equator. That is to say, 


From the given latitude, 42° 42? 5! 
deduct decl. of merid., ecliptic-point, 23° 39! 37! 
Meridian zenith-distance (natdngds), “tg? 3 ai 


The sine of this arc, which ig’1117’, is the meridian-sine. 
Here is anothcr blunder of the calculator: the sine of 19° 3/ 14” is 
actually 1123’. 
5. To find the sine of ecliptic zenith-distance (drkkshepa), aud the 
sine of ccliptic-altitude (drggais).: ; 
First, by v. 5, " ? 
. 3438! : Box! ss 1117": 97! 48” 
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@xquare of last result, ; 9,264’ 
deduct from equare of mer.-sine, 1,247,689’ 
remains . : 1,238,125! 

Square-root, , yi1g! 


_ This, then, is the sine of ecliptic zenith-distance. The sine of eclip- 
tic-altitude is fonnd by subtracting its square from that of radius, and . 
taking the square-root of the remainder; it is found to be 3253/. 


6. To find the divisor (cheda), and the sun's parallax in longitude 
(lambana). 


Tho sine of one sign, or 30°, is 1719’. 


¢ Square of sin 30°, 2,994,901 
° divide hy 3,253 
Divisor (chedu), gos ® 


Next,eto find the interval on the ecliptic between the sun’s place and 
the meridian : 


Longitude of meridian ccliptic-point, Jug? 3” 57! 
do, of sun, 28 3° So! 37’! 
Tuterval in longitude, 1" 5? 13! 90/7 + 


Of this.the sine is 1950’, and, upon dividing it by 908, the divisor 
(cheda) afove found, the value of the parallax in longitude (Zambana) is 
ascertained to be 27 21%, 

Here @some of the worst blundering which we have yet met with. 
The sine of 35° 13’ is actually 1982/, not 1950‘; and upon dividing it 
hy 908, we find the quotient to be only 2" 11%. ? 

The caleulator assumes the time of apparent conjunction to be deter- 
mined by this single correction. Asdhe text, however (v. 9), directs 
that the process be repeated, to inspre a higher degree of accuracy, we 
shall finally quit at this point the guidance of his computations, and go 
on to apply in full the rules of the Sarya-Siddhanta. 

The sug being west of the meridian, or his longitude being less than 
that of the meridian ccliptic-point (v. 9), the correction for parallax is- 
additive to the time.of true conjunction. ILence, to the 





Time of true conjunction, 25m av 
add the correction, , an Iv 
Time of conjunction once cquated, 278 13¥ 


For the time thus found, we now proceed to -alculate again the value 
of the parallax. The results of the calculation are briefly presented 
below : : 


Sun’s longitude nt corrected time of conjunction, as 3° 5a! 41’ 

Orient ecliptie-point (/agna), GF 18° 50” 

Its sine, 1110! 
*Orient-sine (udayajyd), 614’ 


Sun's hour-angle, 3103p 
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Meridian ecliptic-point (madhyalagna), 3a.ar® 59! 
Its sine, ; 3188’ @ 
Its declination, . 929 gf N. 
Its zenith-distance, ; 20° 34' 8. 
Meridian-sine (madhyajyd), “  ga07! 
Sine of ecliptic zenith-distance (dpkkshepa), 1188? 
Sine of ecliptic-altitude (drggati), 3226’ 
Divisor (cheda), 916! 
” Sine of sun's dist. in long. from meridian, 2558’ 
Parallax in longitude (laméana), a" 48v 
add to time of true conjunction, - * 95m av 
“Time of conjunction twice equatcd, 27m 5ov 
Once more, we repeat the same calculation; its principal results are 
as follows : ; 
®Orient ecliptic-point, 69 21° 41/ 
Orient-sine, 7192! 
Meridian ccliptic-point, 32 25° 26/ 
Meridian-sine, e 1941 
Sine of ecliptic zenith-distance, 1215/ 
Sine of ecliptic-altitude, 3216! 
Divisor, gig! 
Parallax in longitude, on 55v 
add to time of true cunjunction, 25m 27 
Time of apparent conjunction, 270 57¥ 


A farther repetition of the process would still yield an afpreciable 
correction, but as so many errors have been involved in the preceding 
. parts of the calculation as to render any exactness of result mattaina- 
ble, and as enough has been donc to illustrate the method of correction 
by successive approximation andthe comparative value of the results it 
yields, we stop here, and rest conteng witl: the last time obtained, as that 
of the apparent conjunction of the sun and riogn, or of the middle of 
the eclipse, at Williams’ College. 

XIf. To calculate the parallax in latitude (nati) for the middle of the 
eclipse. — 

This is given us by the proportion (v. 10) 

3438 2731! a7 1523 ard’: 17 14” 8, 


in which 1215! is the sine of ecliptic zenith-distance, as found in the last 
proccss. ° 
XIII. To calculate the moon's latitude, and her apparent latitude, 
for the middle of the eclipse. - ’ 
We require first to find the longitude of the moon, and that. of her 
node, for the moment of apparent conjunction, by adding to thcir lon- 
gitudes, as already found (above, 1X) for the time of true conjunction, 
' their motion during 2" 55". The amount of motion is found by the pro- 
portions : 
; ..§ 720! 59’? : 35! #” 
Gon : an 550; ‘| 31: of! 
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Now, then, to the eo. ; 
“Moon's longitude at true conjuaction, te 130 By 
add the correction, 35! 3! 
Moon's longitude at apparent conjunction, 1g? 6 4! 


Farther, from the 


Node’s longitude at trne conjunction, m8 12° 47/55! 

deduct the correction, 9” 

ee ey 

Node's longitude at apparent conjunction, 18 2° 47! 46/" 

deduct from moon's longitude, 1 14°°6! 4" 

_ Moon's distance from node, . 1 78! i” 
Sinc, =f? 


Hence the proportion (i. 57) 


3438’ : 2707 +: 78': 6! Bf 
gives us the 


Moon's true latitude, 6’ 8 N. 
dedvet from parallax in latitude (v. 12), ry’ 14" 8, 
Moon’s apparent latitude, "ot 6g, 


XIV. To find the amount of obscuration (grasa) at the moment of 
apparent conjunction. 
By iv. 10, we add to the 


Diameter of the eclipsing body, the moon, ag’ “are 
Diameter of the eelipsed body, the sun, 3c’ ro" 
Sum of diameters, Gu! ia’? 
Half-sum of diameters, 30’ 6’ 
‘deduct moon's apparent latitude, tr? 6! 
Amount of greatest obscuration, 19’ o 


This remainder being less than the sun's diameter, the eclipse (iv. 11) is 
partial only. 

XV. To determine the tines of the beginning and cud of the eclipse 
respectively. 

As the eclipse is a partial one only, we have not to calculate the times 
of the beginning and end of tolal obscuration ; and indeed, we may well 
suppose that the Hindus would never venture to calculate those times 
in a solar eclipse : it is even questionable whether the accuracy of their. 
methods would justify them in ever predicting with confidence that an 
eelipse would be tolal. 

In the first place, we assume that the moon's apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the eclipse, and caleulate, by iv. 12-13, what would 
be, upon that-assumption, the interval between the middle of the eclipse 
and cither contact or separation of the disks, That is to say (iv. 14), 
from the ; 
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Square of sum of somi-diameters (30’ 67’), foal 
deduct square of moon's latitude (11’.6/’), 123! 13! 
remains _ 782" 48" 
Square root of remainder, a7! 5g! 


This result represents the distance, as rudely determined, of the two 


centres at the moments of contact and separation. 
_ corresponding interval of time, we say (iv. 13) 

064’ 7/7: Gon:: 27! 5g’: an Jav 
Now, then, from and to the 


To ascertain the 


Time of apparent conjunction,e" 70 Sov 
@ subtract and add the half duration, an ‘3a¥ 
Reginning of eclipse, 250 95v 
“ud of eclipae, 3an 29V 


This is as far as the operation was carried by the native calculator, — 
and with data and results somewhat different from those here given, 
owing to his neglect. to repeat the process of determination of the par- 
allax in longitude in finding the time of apparent conjunetion. Un- 
fortunately, however, the text (iv. 14-15 5 v. 18-17) preseribes a long 
and tedious series of modifieations and corrections of the results so far 
obtained, of which we shall proceed to perform at least enough to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furnishes. 

We have first. to find the longitude of the sun, moon, and node, at. 
the moments thus determined as those of contact ‘and separation; they 


are ax follows: 


18 13° 31’ 3” 
aa/! 


Suo’s long. at true conj. (250 2v), 
add for his motion 


18339 3r’ 93" 
20° 19° 2G!" 


Sun’s long. at bey. and end of eclipse, 
add the precession, 


Sun's distance from the vernal equinox, 98 3° 50’ 59!’ 
wf? 6G! 4! 
30° 96!! 


Moon's long. at app. conj. 
subtract and add motion in 2" 32v, 


Moon's long. at beg. and end of eclipse, 


Node’s long. at app. conj., 18 32° 47! 46” 
add and subtract 8 


Nodc's long. at beg. and end of eclipse, 18 12° 47! 54'% 


18 73° Bylo”? 
5’ 10" 

18 13° 36" 177 
20° 19’ 36!" 
28 3° 5S! 47'! 
18 14° 6! 4i 
3o’ 26" 

18 14° 36! 30!” 
18 39° 47! 46"" 
gq? 


If 19° 47! 38°" 








To find, then, the moon’s truce latitude at contact and separation, we 


have 
Moon’s distance from node, 49! 44" 
Sine, 48' 
Moon’s latitude, 3’ 46 N. 


1° 48! 5a! 
109/ 


8! 34’'N, 


Next are calculated the moon’s parallax in latitude, and her apparent 
latitude, at the beginning and end of the cclipse, by a process of which 
the main results are the following : 
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Orient ecliptic.point, 63 10° 28’ 78 3° 59! 
Sine, 625’ tgat’ 
Orient-sine, 345’ 1063! 
Sun’s haur-anglo, . 2455p 4279P 
Meridian ecliptic-point, 38 11° 44! 49 11° 97 
Sine of do., 3363’ 2590! 
Zenith-distance of do., 19° 16/ 24° 53° 
Meridian-sine, 1134! 1445! 
Sine of ecliptic zenith-distance, 1128! 1374! 

Parallax in latitude, 16/0 S, 19 29'S. 

deduct true latitude, 3’ 46"'N, 8! 34!" N. 


Moon’s apparent lat. at beg.and end of Bins, 12’ 14'S, 10'g’ "8. 


‘nally, from the 








Square of sum of semi-dinmeters, gob! 177 go6! 1” 

deduct squares of app. latitude, 150’ 3g!" 119! 11// 
- rdmain 755! aale 786! 50! 
Distance of centres in longitude, 27! 29/' 28’ 37 
Correspending interval, an agy an 32v 
Corrected times of beginning and end of eclipse, 259 28v 3an a9v 


Tt is evidently unnecessary to carry any farther this part of the pro- 
cess; atthe time of the eclipse, the inerease of the moon's latitude north- 
ward, and the increase of her parallax southward, so nearly balance one 
another, that the additional correetiou vielded by a new computation 
would be quite inappreciable—as, indeed, has been, in one of the two 
cases, that already obtained. Jn making this corrective calculation we 
have not followed with exactness the directions given in the commentary 
under y. 14-17. [Kis therg taught that, after making the first rough 
determination of the halfduration, based upon the moon’s apparent lati- 
tade at. apparent conjunction, we must turn back to the true cofijunction, 
find the positions of the planets and node at inlervals of the half-dura- 
tion from that point, and innke these positions the data of our farther 
approximative processes, ‘The text itself, as already remarked by ns 
in the notes, shows an utter and provoking want of explicitness with 
regard to the whole matter, and inay be regarded as favoring equally 
the method of the commentary, our own, or any other that might be 
devised. We have taken our own course, then, because we were 
unable to see any sufficient reason for reverting from apparent to true 
conjunction, as dirgeted by the conmmentator. 

With regard to the next steps, the linguage of the text is less ambigu- 
ous: it distinctly orders us to deduct from anc add to the time of true 
‘ conjunction (t#thyanéa) the iutervals fount as the former and latter half- 
duration, and frow the moments thus determined to compute anew, by 
a repeated process, the parallax in longitude. This is a very laborious 
operation, and not altogether accurate, although perhaps as much so 
as any which the Hindu methods admit. As we are supposed to havo 
already aaccrtained how far apaytthe two centres must be at the mo- 
ments of contact and separation, the problem is, evidently, to determine 
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at what moment of time they will, allowing for the parallax in longi- 
tude, be at that distance from one another, Now as formerly, to find the 
tine of xpparent eonjunetion, we started from that of true conjunction, 
and-arrived at the desired result) by a series of approximative calcula- 
tions of the parallax in longituce, so now, starting from points removed 
from true conjunction by the given intervals, wo shall ascertain, by a 
similar series of approximations, the times when thé distances repre- 
sented by those intervals will be apparent, or the moments to which 
coutact and separation of+the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by us, are as follows: 


Time of true conjunction, & 25n av 25n 2y-" 
ubtract and add, an vo an Jav 
Times of truce contact and separation, gan 33v a7n 34V 
Sun's longitude, with preccssion, 28 3° 48" 16! a6 3° 3/17! 
‘Orient ecliptic-puint, 5a a7? go! 63 20° 27/ 
Orient-xine, 95’ 664’ 
Meridian ecliptic-point, 28 25° 5a! 38 94° 56! 
Meridjan-sine, 1107? 122(5/ 
Sine of ecliptic zenith-distance, 1106" 1203 
Sine of ecliptic-altitude, 3255! 321g! 
Divisor, 8 gi8 
Moon's longitude, 28 32 a1? asf? 21! 
Distauce from meridian celiptic-puint, 22° 3)’ 1x 1y° 35! 
Sine, 13iG! 2017! 
Picallax in longitude, 1 g7Vv an 51V 


Agiuin, we go on to correct these resulis by repeated ealeulations of 
the parallax, in the anode which has already been suflicicntly illustrated. 
Annexed are the results oly: 


Times of contact and separation, gon 33av am 34v 

ad@ correction for parallax, mm 97V au 45rv 
Times of contact and eepuration, once equated, 241) wv Jon 24v 
Corresponding parallax, Th 54V 30 20V 

add to times first obtained, 9an 33V am 34v 
Times of contact and separation, twice equated, 24n azv “Sun h4v 
Corresponding parallax, anu av Ju 24V 


Without takine the trouble to carry the calculations any farther, we 
may accept these as the finally determined values of the parallax in 
longitude at the times of apparent contact and separation, Then, 
by v. 16, 





Parallax in longitude at contact and separation, an av 3n 24v 
do. ut apparent conjunction, an 55v - an Sav 
Difference of parallaxes, 53¥ 29V 
add to former and latter mean half-duration, an 29V an 3av 
Trno former and latter half-duration, ~ 3m aay  3n av 
subtract and add from and to time of app. conj., 27" 57¥ 277 57V 


‘Times of apparent contact and separation, 24n 35v 3on 58v 
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The calculation of the elements of the eclipse is thus completed. 
For the purpose, however, of illustrating the rules of the texg (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also the following process: 


XVI. To find the amount of obscuration of the sun, 2" 387 after 
first. contact. 

We make choice. of this time, which is equivalent to 27" 13¥ after sun- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, XI). By iv. 18, from the 


True former half-duration (sphufu spaggasthityardha), 3n 22¥ 
deduct the given interval, ag 38V 
Interval to apparent conjunction (madhyagrahana), . AAV . 


To reduce this interval in time to distance in longitude of the centresg 
we say (iv. 18) 

Gon : 664’ 7” =: 44v:: 8 7” 

Thif, then, would be the interval in longitude between the two centres 
at the given moment, if there were no change of the moon’s parallax 
in longitude during the cclipse, or if the moon actually gained in 
2 29V instead of in 3" 22%, the distance intervening between her centre 
and the sun’s at the moment of first contact. That, however, being 
not the case, wé must reduce the result thus found in the ratio of 
3" 22% to 20 20%, or of the truc to the mean half-duration. That is to 
say (iv. 19), 

3n aav:an 29¥:: 8 7": 5’ 59” 
aud this result, 5/59”, is the true distance of the two centres in longi- 
tude, 279 13¥ after sunrise. ; : 

A. briefer and more obvious method of obtaining the quantity in 
question would have been to ‘make a proportion as follows: iff at the 
time of the eclipse, the moon gains upon the sun 27! 29” in 34 Qe, 
what will she gain during 44%? or 

3n aav: 97’ 29” :: 449: 5’ 5g” 
Upon computation, we find the 





Moon's paraljax in latitude, 279 18¥ after sunrise, 16’ 51°, 
Moon’s true latitude, 5! a5" N. 
Moon's apparent latitude, “aa! a6!" 
Its square, 130! 43!" 
Square of distance in longitude (5’ 59”), 35! 59! 
Their sum (iv. 20), 166’ 34" 
Actual distance of centres, qa! 54"! 
deduct from sum of semi-diameters, 30’ 6/7 
Amount of obscuration at given time, e 17 1” 


If it were desired to project the eclipse, we should now have to cal- 
culate (by iv. 24-25) the deflection (valuna) for the moments of contact, 
conjunction, and separation, and likewise (by iv. 26) the acale of projec- 
tion. As we do not, however, intend to present here a projection, and as 
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the subject of the deflection has been sufficiently illustrated already, in 
the notes upon the text and in the calculation of the lunar eclipse, we re- 
gard it as Rinancanry to go through with the labor required for inaking 
the computations in question. Finally, we annex, as in the case of thio 
lunar celipse formerly calculated, a summary comparison of the princi- 
pal results of the Hindu processes with the elements of the eclipse in 
question as determined by Prof. Coflin, in his work referred to abgve. 
It must be borne in mind, however, that, owing to the faulty manner in 
which many of the computations of the native astronomer have been 
made, the comparison is not entirely trustworthy ; a more careful udhe- 
rence to the methods of.the Siddh&uta would have given somewhat 
different results: in the ease of the daily mptions of the sun and moon, 
the trife calculations, as performed by us (see p. 308), give more correct 
values; in other instances, the contrary might perhaps have been the 
case. 
e Sirya-Siddhanta. Prof. Coffiy,  Jlindu error. 


‘Time of true conjunction in longitude, ah Jom 3h 56m — ih 26m 
Sun's and moon’s longitude, 63° 50’ 37/7) G59 127 37"7 — 1% aa’ 
Moon's distance from node, 43’ 6! 4% ya! al? — 3° ag! 1h!? 
Sun’s daily motion in longitude, 56H! jal 577 Ate — 53°" 
Mvon'’s_ = do. do. 12° of 59! 129 7! alk — G? 137" 
Sun's apparent diamcter, 31’ 10" Br Bo" — a7"! 
Moon’s do. do. ag’ 2/! 29’ 45!) — 43" 
Time of apparent conjunction, 3h fyin 5h Jom — wh fam 
Parallax in longitude, in time, rh rym uh Jou — 2fmn 
Amount of greatest obscuration, — 19’ Jo’ 59’f — ni! Sy!? 
Time of first contact, ab auin 4b 5m — i 55m 
Time of sepuration, ; 4h 5om Gh 38m — rh 44m 
Duration of eclipse, ain Jom gh 23m |. 7m 


26. pp. 183-200. Prof. Weber, of Berlin, has favored us in a pri- 
vate communication with a nmuber of additional synonyms of the names 
of the asterisins, derived from the literature of the Bralimana period. 

Mrgaciras, the filth of the series, is also styled andhakd, “the blind,” 
apparently from its dimmness; dryikd, “honorable, worthy ;" iarakda, of 
doubtful meaning: this latter epithet is aiso found in some manuscripts 
of the Amarakoca, as various reading for deudd, whieh is there ex- 
pressly declared (7. 1.4.25) to designate the stars in the head of the 
antelope. 

Arlra, the sixth asterism, is called béhu, “ann.” Taking this name 
in connection with that of the preceding group, it seems probable that 
the Hindus figured to themselves the conspicuous constellation Orion 
as a running antelope, of which a, 7, 8, and * mark the fect: a, then, is 
the left ford-fovt, or arm. Verhaps the name Mrgavyadha, “ antelope- 
hunter,” given to the neighboring Sirius (viii. 10), is connected with the 
saine fancy. 4 

The Mashis are called in a hymn of the last hook of the Rig-Veda 
(x. 85.13) ayhds: the word means literally “evil, base, sinful,” and its 
application to one of the asterisins is so strange that, if not found else-, 
where, we should be inclined to conjecture a corrupted reading. 
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Phalguni, oy the Phalgunis, forming the eleventh and twelfth groups, 
are styled alao arjunt, “bright, shining.” 

Cravana, the twenty-third asterisin, receives the name aguettha, which 
Is properly that of # tree, the Ficus religivsa; the reason of the appella- 
tion is altogether obscure. 

hadrapada, the last double asterism, is called pratishihdna, “stand, 
support,” in cvident allusion to the disposition of the four bright stars 
which compose it, like the four fect of a stand, table, bedstead, or the like. 


27. p. 200. We offer herewith the stellar chart to which reference 
was made in the note on p. 205, aud which is intended to illustrate the 
positions and mutual relafions of the Hindu nakshatras, the Arab 
mandzil al-kamar, and the Chinese siew. We add a brief explanation 
of the manner in which it lias been constructed, and the form in which 
it is presented. . 

The form of the map is that of a plane projection, having the ecliptic. 
as its central line. Tt would have better illustrated the Hindu method 
of defining the positions of the junction-stars, and the crrors of the po- 
sitions as defined by them, if the equator of A. 1. 560, instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessity of calculating the right aseen- 
sion and declination of every star laid down, a Jabor which we were not 
williny to undertake. Moreover, the ecliptic is, in fact, the proper cen- 
tral line along which the groups of the [findu amd Arab systeins, at 
least, are arranged, and the form given to the chart also facilitates. the 
Jaying down of the equator of B.C, 2350, which wo desired 40 add, for 
the purpose of enabling our readers to Judge in a more enlightened 
manner of the plansibility of M. Biot's views respecting the origin of 
the Chinese system: it is drawn with a broken fine, while the equator 
of A.D, 560 is also represented, by an entire line. As the zone of the 
heavens represented is, in the main, that bordering the ecliptic, the dis- 
tances and the configuration of the stars are altered and distorted by 
the plane projection to only avery slight degree, not enough to be of any 
account in a merely illustrative chart, such as this is. .\s a gencral rule, 
we have Jaid down all the stars of the first four magnitudes which are 
situated near the ecliptic, or in that part.of the heavens through which 
{lie line of the asterisms passes; stars of the fourth to fifth magnitude 
are also in inany casew added ; smalifer ones are noted only when they 
enter into the groups of the several systems, or when there sere other 
special reasons for introducing them. The posiligns are in all cases 
taken from Flamstecd’s Catalogue, and the magnitudes are also for the 
most part from the same authority: in mary individual cases, however, | 
we have followed other authorities. We have endea:ored so to mark 
the members of the three different series tl xt these may readily be 
traced across the map; but, to assure and facilitate the comparison, we 
also place upon the page opposite it a conspectus of the nomenclature, 
constitution, and correspondence of the three systems, referring to 
pares 183-200 for a foller discussion of these matters, and an exposition 
of what is certain, and what more or less hypothetical, or exposed to 
doubt, with regard to them. 
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s Sing. 
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A Orionis. 
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6 Orionis. 


. Tsing. 


p Geininoriwn. 
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. Chang. 
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Y. 

a C‘raferis, 
Chin. 

y Corvi. 
Kio. 

a Virginia, 
Kane. | 

x Virginis, 
Ti. 

a? Libre. 
Fang. 

rscorpionia, 
Sin. 

o Scorpionis. 
Veli. 

uy? Scorpionis. 


yt Sopittarii. 
Teu. 

@ Sugittarit. 
Nicu. 

@ Capricorn 
Nii. 

e Aquarii. 
Hii. 

B Aqnarti. 


23. Goel. 
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Hindu asterism. Arab manzil. 
tr. Acvini. 1. ash-Sharatin. 
Band 7 Arictis. 8B and 7 Arictis. 
2. Bharani. 2, al-Butain. 
a5, 30, and 41 Arictis. 35, 39 and 41 Arictls. 
3. Kritika. 3. ath-Thuraiya. 
n Tauri, etc. (Pleiades). n Tauri cte. (Pleiades). 
4. Rohini. 4. ad-DabarAn. 
a, 3, 7.0, € Tauri. a, 9, 7, 6, ¢ Tauri. 
5. Mrgaciras. 5. al-Hak’ah., 
A, gl, ¢2 Orionis. A, pl, ¢2 Orionis. 
6. Ardra. 6. al-[an’ah. 
a Orionis. nm, B, ¥» 7 & Geminorum. 
97. Punarvasu. 7, adh-Dhiri’. 
B, a Geminorun. 8, a Geminorum. 
.8. Pushya. 8. an-Nathrah. 
5, 6, y Cancri. y, 6 Cancri, and Prasepe. 
g- Aclesha, - g: al-Tarf,. 
e. 8, o, n, 9 Wydrie. § Cancri, A Leonis. 
10. Maghi. 10. aj-Jabhah., 
a, ny oy My € L.ecouis. a, ny. ¢ Leonia. 
xz. Pdrva-Phalgunt. rr. az-Zubrah, 
8, $ Leonia. 6, 9 Leonia. 
12. Uttara-Phalzuni. 12. 28-Sarfah. 
B, 93 Leonis. B Leonis. 
13. Hasta. 13. al-Auwii’. 
3, y, &, a, B Corvi. 2, n, 7, 0, ¢ Virginia. 
14. Citra. 14. as-Simak, 
a Virginia. a Virginis. 
15. SvAtt. 15. al-Ghafr. 
a Bootis, 1x, A Virgiifis, = ° 
16. Vicakhfi, 16. az-Zubanin. 
1, %, B, @ Libre, ; a, 3 Librie. 
17. Annradha, 17. nal-Tklil. 
6, @, w Scorpionis, 8, 5, r Scorpionis. 
¥8. Jyeshtha. 18. al-RKalb. 
a, o, 7 Scorplonis. a Scorpionis. 
9. Mila 19. ash-Shaulah. 
Ay Uy Mp ty Dy ny Cy Hy E ScOrp. A, uv Scorpionis. 
20. Pdrva-Ashadha, 20. an-Nw iim. 
6, ¢ Sagrittarii. "Pain, Py 57 C Sagittarii. 
ar. Uttara- Ashadha, ar. al-Baldah. 
o, (Siviuarii, N, of # Sagittarii. 
22. Abhijit. « 22. Sa’d adh-Dhabih. 
a, &, ¢ Lyra. a, B Capricorn. 
23. Gravana. a3. Sa'd Bula’, 
a, 2,7 Aquilx. ty By vy Aquarii, 
24. Craviehtha, 24. Sa’d as-Su'td, 
8,a, 7,9 Delphini. G6, ¥ Aquuaril. 
25. Catabhishaj. 25. Sa'd al-Akhbiyah. 
A Aquacil ete. a, 7, %, 1 Aquarii. 
26. Pdrva-Bhadrapada, 26. al-Fargh al-Mukdim. 
a, & Pegani, a, B Pegasi. 
27. Uttara-Bhadrapada. 27. al-Fargh al-Mukhir. 
y Pegasi, a Andromedz. y Pugasi, a Andronede. 
26. Revati. 28. Batn al-Hiit. 


2 Pisciui, ete. 


§ Andromeda, ete. 


@ Aquuarii, 


. Che. 


a Perasi. 


. Pi. 


y Pewasi, 


. Koei, 


¢ Andromedu. 
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28. p.207: We have perhaps expressed ourselves in a manner liable 
to misconstruction asdo the want of reason or authority for giving to 
the esterisms the name of “lunar mansions,” “ houses of the moon,” and 
the like. We would by no means be understood as denying that in the 
Hindu science, especially its older forms, and in the Hindu mythology, 

‘they.are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with 
reference to the moon's daily progress along the ecliptic, as has been, 
until lately, the-universal opinion, or whicther we are to believe with M. 
Divt that they had in the first instance nothing tu do with the moon, 
and only came by chance to coiucide in number with the days of her 
silercal revolution—it is at any rate altoyzether probable that to the 
Hindu apprehension this coincidence formed the Gite vf the system, 
We may even conclude, from the fact that the asterisms aré so fre- 
quently spoken of in the carly literature of the Drihmana period, 
while nevertheless there is no distinet mention of the planets wiftil later 
(Weber, Ind. Lit, p. 222), that for a long time the Ifindus must have 
confied their attention and observations to the sun and noon, paying 
no heed to the lesser planets: aud yet we cannot regard it as in suy 
degree probable—hardly as possible, even—that any nation or people 
could establish a system of zodiacal asterisims without diseovering and 
taking uote of the planets; or that such a evatery coukl have been cem- 
municated to, and applied by, the Hindus, without a recognition cn 
their part of those couspicuous and everanoving stars. [t may fairly Le 
claimed. then, that the asterisms, as a Hindu institution, are an origin- 
ally Minar division of the zodiac: but we obieet none the less to their 
being styled hinar mansions,” or eatled by any equivalent name; Le- 
canse, In the first place, the Hindus themselves have eiven them no name 
denoting a special relation to the moon, and uo name sigenif\ine “house, 
Mansion, station,” or anything of the kind; and beeause, in the second 
place, as soon and as far as the Hinda- astronomy extended itself beyonl 
its limitation to observations of the moon, just so far and so soon did 
it employ the system of asteriss as a general method of division of 
the ecliptic; so that. tinally, as peinted out by us above, the dterisu:s 
have come to be divested, in the properly astronomical literature of 
Fudia, of all special connection with the moon. © With almost the same 
propricty night we call the Hindu signs “luni-solar mansions “—sinee 
they are, by origin, the parts of the ecliptic oeeupied by the sum during 
Cuay successive synodical revolution of the meon—as denominate the 
neksegas of the Siddhautas © lunar mansions,” 


29. p. 209. We should have mentioncl farther, that an addition®. 
Inducement—ana one, probably, of no small w sig¢ht—to the reduction of 
the number of astetisms from twenty-eight .o twenty-seven; is to be 
recognized in the fact that the time of the moon’s sidereal revolution in 
days, thengh intermediate between the two numbers, is yet decidedly 
nearer to twenty-s:ven, exceeding it by less than a third. M. Biot 
might even claim with some reason that the choice of the number 
tweuty-cight tended to -prove the whole system not a lunar one hy 
origin: yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fully adunis- 

42 
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sible, and that it was also in some respects preferable, as being one that 
could be halved and quartered. ‘ 


30. p.273. In bringing this work to a close, we deem it advisable 
to present, in a summary manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain points in the history of the Strya-Siddhaénta, and of the 
astronomical science which it represents. é& 

In the first place, Bentley’s determination of the age of the treatise 
we conccive to be altogether set aside by the considerations which we 
have adduced against it (note to i. 29-34); there is no reasonable 
ground for questioning that the Sarya-Siddh&nta is, as the Hindus have 
long believed it to be, one of the most ancient and original of the works 
which present their modern astronomical science. How far the text of 
which the translation has been given above is identical in substance and 
extent with that of the original Sirya-SiddhAnta, is another question, 
and ont not easy to solve. That it is not precisely the samc is evident 
enough, Even the modern manuscripts differ from one another in sin- 
gle readings, in details of arrangement, in adted or omitted verses, A 
comparison of the texts adopted and established by the different com- 
mentators would ‘be highly interesting, as carrying the history of the 
treatise a step farther back: but to us only one. commentary is accessi- 
ble, nor do we find aygywhere any notices respecting the versions given 
by the ‘others: in the absence of such, we may conelude that all pre- 
sent substantially the same text, and so are alike posterior to the model- 
ling of the work into its present form and with its presem ~ontents. 

~ But the indications of addition and interpolation, which we have nad in 
60 Many cases to point ont in our notes, are sometimes too telling to be 
misinterpreted. Farther than this we may not at present go: any de- 
tailed discussion of the subject must remain unsatisfactory, until a fuller 
acquaintance with other of the ancient treatises, and a more careful 
comparison of them with one another, shall throw upon it new light, 
A point of special interest connected with it is, whether the elements of 
mcan motions of the planets do actually date from about the time 
pointed out by Bentley’s calculations. With regard to this we are far 
drom being confident; but we do not segard it as impossible, or even as 
very improbable, that those elemenis, 23 presented by our text, have 
been fhe same from the beginning, never having undergone correction 
until the application of the lia, about A. D. 1500 (p. 19 etc.). And 
the date of that correction is calculated at least to suggest the sus ion 
that Muslim science may have had something to do with i.” That 
mbservation, and the improvement of their system by deductions from 
“ observation, were evcr matters of such scrious earnespwith the Hindus 
that they should have becn led to make such amendments independ- 
ently, is yet to be proved. The most important alteration of which 
anything like direct proof is furnished is that which concerns the pre- 
cession of the equinoxes (note to iii. @~12); and even here we would 
not undertake to: say confidently what is the conclusion to be drawn. 
All such inguiries must remain conjectural, mere propings in the twi- 
light, untid the position of the Sarya-Siddhanta in the Siddh&nta litera- 
ture sJall be better understood. What has given it so much greater 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period ita preéminence dates, istunknown. There 
are treatises, like the Cakalya-Sanhit& (add. note 1), which agree with 
it in all essential features; there are yet others, like the Soma and Va- 
sishtha Siddhantas, which' are said (add. note 6) to vary little from it: 
whether any one among them all is original—and if any, which— 
whegder in each case the relation is one of co-ordination or of subordi- 
nation—we must be content for the time to be ignorant. 

One thing, however, is certain: underneath whatever varicty may 
characterize the separate treatises, there exists a fundamental unity ; 
their differences are of secondary importance as compared with their 
resemblances; they all represent essentially a single system. And this 
by’ no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For the Hindu systein is not 
one of nature; it is not. even a peculiar method of viewing and inter- 
preting nature, from which, after it had once been devised by some con- 
trolling intellect, others had not the force and originality to deviate : it 
is a thoroughly artificial structure, full of arbitrary assumptions, of ab- 
surdities even, which have no foundation in nature, and could be in- 
vented by one us Well as another. We need only to refer, as instances, 
to the frainc-work of monstrous chronological periods (i. 14-23)—to 
the common epoch of the commencement of the Trou Age (note to. . 
29-81), with its exact or nearly exact (add. note 6) conjunction of all 
the plancts—to, the form of statement of the mean imotions, yielding 
recurripswonjunetions, at longer or shorter intervals—to the assump- 
tion ff a starting-point for the planets from at or near ¢ Piscium (note 
to i. 27)--to the revolutions of the apsides and nodes of the planets 
(i. 41-14)—to the double system of epicyeles (ii, 34-38)—to the deter- 
mination of the planetary orbits (xii. 80-90), ete., ete. These are plain 
indications that the Llindu science emanated trom one centre; that it 
was the claboration of a period and of a school, if not of a single mas- 
ter, who had power enough {o impose his idiosyneracy upon the sei¢nce 
of awhole nation, ‘The question, then, of the comparative antiquity 
of single treatises is lost in the higher interest of the inquiry—when. 
where, and under what influence originated the system which they all- 
agree in representing ? 

What our opinions are upon these points will not’ be a matter of 
doubt with any one who may have carefully looked through the preced- 
ing gages, although they have nowhere been explicitly stated. We re- 
gard Phrlinds science as an offshoot from the Greek, planted not far 
from the commencement of the Christian cra, and attaining its fully dee 
veloped form in the course of the fifth and sixt] centuries. The grounds * 
of this opinion we will proceed brietly to state. 

In considering such a question; it is fair to take first into account the 
general probabilities of the case. And thero can be no question that, 
from what we know in-other respects of the character and tendencies 
of ihe Hindu mind, we should not at all look to find the Hindus in pos- 
session of an astronomical science containing so much of truth. They 
have been from the beginning distinguished by a remarkable Maptitude 
and disinclination to observe, to collect facts, to record, to make indac- 
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tive investigations. The old belief under the influence of which Bailly 
could form his strange thoories—the belief in the immense antiqnity of 
the Indian people, and its immemorial possession of a highly developed 
civilization—the belief that India was the cradle of language, myth- 
ology, arts, sciences, and religions—has long since been proved an error. 
It is now well known that Uindu culture cannot preteud to a remoter 
origin than 2000 B.C., and that, though marked by striking en. 
nent traits of intellect aud character, the Hindus have ever been Weak. 
in positive science; metaphysics and grammar—with, perhaps, algebra 
and arithmetic, to them the mechanical part of mathematical science— 
being the only branches of knowledge in which they have independently 
wor honorable distinction. That astranomy would: come to constitute 
an exception to the gencral rule in this respect, there is no antecedent 
ground for supposing. The infrequency of references to the stgrs in 
the carly Sanskrit literature, the late date of the earliest mention of the 
planets, prove that there was no special impulée leading the nation to 
devote itself to studying the movements of the heavenly bodies. All 
evidence goes to show that the Iindus, even after they had derived 
from abroad (p. 204) a systematic division of the ecliptic, limited their 
attention to the two chief lnminaries, the sun ard moon, and contented 
themselves with establishing a inethod of maintaining the concordance 
of the solar year with the order of the lunar months, If, then, at a later 
period, we find them in possession of a full astronomy of the solar sys- 
tem, our first impulse is to inquire, whence did they obtain it? A 
closer inspection docs not tend to inspire us with confidence &.it as of 
Hindu origin. We find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian growth; but we find it also to eon- 
tain much trne science, which could only be derived from a profound 
and long-continued study of nature. The whole system, in short, may 
be divided into two portions, whercof the one contains truth so snecess- 
fully. deduced that only the Greeks, among all other ancient nations, can 
show anything worthy to be compared with it; the other, the frame- 
work in which that truth is set, composed of arbitrary assumptions and 
absurd imaginings, which betray a close connection with the fictitious, 
cosmnponies and geographies of the phitosophical and’ Puranie literature 
of India. The question presses itscif, then, strongly upon us, whether 
these two portions can possibly have the same origin: whether the sci- 
entific habit of mind which could lead to the discovery of the on is* 
compatible with those traits which would permit its-admixture wii the 
ther. Butt inost especially, could a system founded—as thi® if orig 
nal, most have been—upon sagacious, accurate, and protracted observa- 
tion of the heavenly bodies, so entirely ignore the ground-work upon 
which it rested, and refuse and deny all possibility of future improve- 
ment by'like means, as docs this Hindu system, in whose text-books 
Appears no record of an observation, and no confessed deduction from 
observations; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever taught or coun- 
pelled to study the heavens except for the purpose of determining his 
longitude, his latitude, and the local time? Surely, we have a right to 
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say that the system, in its form as laid before us, must come from an- 
other people or another gencration than that which laid its scientific 
foundation; that it must be the work of a race which cither had never 
known, or had had time to forget, the observing habits and the induc- 
tive methods of those who gave it origin. But the hypothesis that an 
earlier*gencration in India itself performed the labors of which the later 
system-makers ‘reaped the’fruit, is well-nigh excluded by. the absence, 
already referred to, of all evidence in the more ancient literature of 
deep astronomical investigation: the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least the only 
probable one. We come, then, next to consider the direct evidences of 
a Greek origin. - . 

First in importance among these is the system of epicycles for repre- 
senting the movement, and calculating the positions, of the planets. 
This, the cardinal feature in both systema, is (ii, 34-45) essentially alike 
and the same in both, Now, notwithstanding the fact that such second- 
ary circles do in fact represeut, to a certain degree, true quantities in 
nature, there is yet too much that is strange and arbitrary in them to 
Jeave any probability to the supposition that two nations could have de- 
viged them independently. But there are sufficient grounds for believ- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy finally 

resents it. In the history of the science among the Greeks, everyting 
1s clear and open; they tell us what they owed to the Eayptians, what 
to the. (shaldeans: we trace the conceptions which were the gerins of 
‘thei@’scheme of epicyeles, the observations on which it was based, the 
inductive and deductive methods by which if was worked out and estab- 
lished. In the blind astronomy, on the other hand, all is groundless 
assumption and absurd pretense: we find, as basis for the systei, neither 
the conceptions—for these are direetly or inpliedly denicd or ignored 
—nor the observations—for not a mention of an actual observation Is 
anywhere to be discovered—nor the methods: the whole is gravely put 
forth as a complete and perfect fabric, of divine origin and inmemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data we will not lay any stress, since it might well enough be supposed 
that two nations, if once set upon the same track toward the discovery 
of truth, would arrive independently at so near an accordance with na- 
ture and with one another. We yill look for other evidences, of a less 
aigbiguous character, to sustain our: main argument. The division of 
the‘sizcle, into signs, degrees, minutes, and seconds, is the same in both 
systemssand, being the foundation on which all numerical measurements 
and calculations are made, is an essential and integral part of bott. 
Now the names of the first subdivisions, th> signs, arc the same in 
Greece and in India (sce note to 1. 58): but wih the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
occupying those arcs; with the Ilindus they are applicd to sucecasive 
arcs of 30°, counted from any point that may be chosen: this is an un- 
ambiguous indication that the latter have borrowed them, and foteotten 
or neglected their original significance. But farther, the ordinary Il indu 
name of that division of tho circle which is in most frequent use, the 
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minute, is no Sanskrit word, but taken directly from the Greck, being 
lipté, which is denréy. Again, the plancts are ordinarily named in the 
Siddhfntas in the order in which they succeed one another as regents 
of the days of the week; and not only has it been shown above that 
the week is no original Hindu institution, but it has cven appenreg that, 
on tracing it to its very foundation, we find {here another Greek word, 
dga, represented by ord. Once more, in the cardinal operation of find- 
ing by means of .the system of epicycles the true place uf a planet, we 
see that onc of the most important data, the mean anomaly, is called 
by another name of Greek origin, namely kendra, which is xérgoy, 
These three words, occurring where they do, not upon the outskirts of 
the Hindu science, but in its very centre and citadel, amount of them- 
selves almost to full proof of its Greek origin: taken in connection with 
the-other concurrent evidences, they form an argument which can, nei- 
ther be set aside nor refuted. Of those other evidences, we will only 
inention farther here that Flindu treatises and commentaries of an carly 
date often refer to the yaranas, “Greeks” or “ westerners,” and to ya- 
vandcaryds, “the Greek (or western) teachers,” as authorities on astro- 
noiical subjects—that astronomical treatises are found bearing names 
which come more or Jess distinctly from the West (note to i. 4-6) —and 
that floating traditions are met with, to.the effect that some of the 
Siddhantas were sevealed to their human promulgators in Romaka-city, 
that is to say, at Rome. Farther witness to the same truth, deducible 
from other coincidences of the two systems, we pass unnoticed here, 
since it is not our object to discuss the question exhaustively, dt only 
to hring forward the main grounds of our opinions. yr 
The question next arises, when, aud in what manner the knowledge of 
astronomy was communicated from Greece to India. - In reply to this, 
only probabilities offer themselves, yet in some points -the indications 
are pretty distinct. It is, in our own view, altogether likely that. the 
science came jn connection with the lively commerce which, during the 
first centuries of our cra, was carried on by sca between Alexandria, as 
the port and mart of Rome, and the western coast of India. Two con- 
siderations especially favor this supposition: jirst, that the chief site of 
the Hindn science is found to be the city which lay nearest to the route 
of that commerce (note to i. 62): secondly, that Rome is the only west- 
ern city or country which is distinctly inentioned in the astronomical 
geography (xii. 39), and the one with which, as above noticed, the astro- 
noiical traditions connect themselves, fad the Hindus derived the.r 
‘knowledge overland, through the Syrian, Persian, and. BactriapysXine- 
dgms which stood under Greck government, or in which Greek Mfinence 
as predominant, and Greck culture known and prized, the name of 
Rome would have hcen vastly less likely to stand forth with such proimi- 
nence, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science. The absence from the Ilindu 
system of any of the improvenients introduced by Ptolemy into that of 
the Cireeks (note to ii. 48-45) tends strongly to prove that the transmis- 
siop of the principal groundwork of the former took place before his 
time: nor can we think it likely that the numerical elements adopted 
by the Hindus would vary so much as in many cases they are found to 
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do from those of the Syntaxis, if the latter had been already in existence, 
and acknowledged as the principal and most authoritative exponent of 
Greek astronomy. Whether the information was transmitted through » 
the medium of Hindus who visited the Mediterranean, or of Jearned 
Grocks who made the voyage to India, or by the translation of Greek 
treatises, or by what other methods, we would not at present cven offer 
a conjecture; and the point is one of only subordinate consequence. 
Whatever may have been the date of the first communication of the 

elements out of which the Hindu system was elaborated, there is good 
reason to suppose that its final reduction to its present form did not 
take place until some time dfring the fifth and sixth centuries. That 
period is distinctly pointed out by the choice of the equinox of A. D. 
570 as the initial and principal puint of the fixed sphere (note to i. 27 
by the definition of position of the junction-stams of the asterisms (p. 211), 
and by the Ilindu traditions which refer to that time the names of ° 
greatest prominence and authority in the early history of the science. 
lt is evident that the claboration of the system must have been a work 
of time, probably of many generations: what were the forms which it 
wore in the interval we do not know; here, as in many other depart- 
ments of the Lindu literature, all record of the steps of development 
appears to be lost, only the final and fully formed product being pre- 
served and transmitted: to us: yet more licht upon this peint may still 
be hoped for, from the careful examination of all documents now ac- 
cessible, or of such as may hereafter be discovered. ‘The process of 
assimilgijon and adaptation to Tlindu conceptions and Hindu mcthods 
wasGheroughly and completely performed. Among the changes of 
method introduced, the most useful and important was the substitution 
of sines for chords (p. 66); the general substitution of an arithmetical 
for a geometrical furin also deserves particular notice. That no great 
amount of geometrical science is implied in any part of the system, is 
very evident: it is distinguished by the constant and dexterous applica- 
tion of a tew simple principles: the equality of the square of the hy- 
pothenuse to the sum of the squares of the base and perpendicular—tho 
comparison of similar right-angled triangles—the formation and com- 
bination of proportions, the rule of three—are the characteristic {catures 
eof the carly Hindu mathematical knowledge, as displayed in the Sarya- 
Siddhinta. Of other treatises, of an earlicr or later period, as those of - 
Brahmagupta and Bhiskara, which (see Colebrooke's Hindu Algebra) 
gige evidence of knowledge more profound in anthmetic and algebra, 
we Cxgnot at present speak; but we hope at some future tine to be able 
to reveit to the subject of the [findu astronomy, in connection with 
these or other of the text-books by which it is repress nted. 


Rey. Mr. Burgess, having placed his translation and notes in the 
hands of the Committee of Publication for farther claboration, has very 
liberally allowed them entire freedom in their work, cven where their 
deduetions, and the views they expressed, did not accord with ‘his own 
opinions. The most important point at issue between us is that dis- 
cussed in ihe next precedin pages, or the originality of the Ilindu 
astronomy ; upon this, then, he is desirous of expressing independently 
his dissenting views, as in the following note. 
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Coxecivotina Note sy tHe TRANSLATOR. 


It may not be improper for me to state, in a closing note, that T had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
preceding translation. But the length of this essay is sich—the subject 
matter of it not being material to the illustration of the Siddhanta, and 
the translation and notes having already occupied so much space—that 
it was not thoucht advisable to insert it here. ; 

‘Yet as my investigations have led me@ to adopt opinions on some 
points differing from those advaneed by Prof. Whitney in his very valu- 
able additions to the notes upon the translation, truth and consistency 
sec to require me to present. at least a brief stimmary of the results at 
which I arrived in that essay in reference to the points in question. By 
so doing, I free myself from any embarrassment under which | should 
labor, if hereafter—as 1 now intend—I shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the Lindts to 
the houor of oriyinal invention and discovery in astronomical science— 
especially, their claims to such an honor in comparison with the Greeks. 

Prof. Whitney seems to hold the opinion, tat the Tlindus derived 
their astronomy and astrology almost bodily from the Greeks—and 
that what they did not borrow from the Greeks, they Uerived from other 
people, as the Arabians, Chaldeans aud Chinese (see pp. 34, 201, 206, 
etal.). I think he-does not give the Hindus the credit due Them, 
and awards tu the Grecks more credit than they are justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 
period, were the more successful cultivators of astronumical science. 
There is nothing among the Iindu treatises that can compare with the 
great Syntaxis of Ptolemy. And yet, from the hght IT now have, I 
must think the Windus original in regard to most of the clementary 
facts and principles of astronomy as found in their systems, and for the 
most part also in their cullivation of the scieuce ; and that the Greeks 
borrowed from them, or from an intermediate secoudary source, to 
which these facts and principles had ¢ome from India. 1 might perhaps 
so far modify this statement as to admit the supposition that neither 
Greeks vor Hindus borrowed the one from the other, but both from a 
common source. Jbut with my present knowledge, I cannot concur,,in 
the opinion that the Hindus are, to any great extent, indebted le 
Greeks for their astronomy, or-that the latter have any well g@founded 
Sinus to the honor of originality in regard to those clementary facts 
and principles of astronomical science which are common to thejr own 
and other ancient systems, and which are of such a nature as indicates 
for them a single origin, and a transmission from one system to another. 
For the sake of clearncss, it is well that | should state nore specifically 
a few of the more important facts and principles that come under the 
class above referred to. They are as follows: 

-1, The lunar division of the zodiac into twenty-seven or twenty-cight 
, astérisms (sce transl., ch. viii). This division is common, with slipht 
modifications, to the Hindu, Arabian, and Chinese systems. 
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2. The solar division of the zodiac into twelve signs, with the names 
of the latter. "These names are, in their import, precisely the same in 
the Hindu and Greek systems. The coincidence is such that the theory 
of the division and the names of the parts having procecded from one 
original source is unquestionably the correct one. 

3. ‘The theory of epieycles in accounting for the motions of the plan- 
ets, aud in ealeulating their trae places. “This is common to the Mindu 
and Greek astrouoimies, At least, there is such a coincidence in the two 
systems in reference to the epicyeles as almost to preelnde the idea of 
Independent origin or invention. ° is 

4. Coineidences, and even a sameness in some parts, between the 
systems of astrology received among the TLindus, Greeks, and Arabians, 
strongly indieate for those systems, in their primitive and essential ele- 
ments, 2 common. origin. 

5. The names of the five plancts known to the ancients, and tHe ap- 
plication of these names to the days of the week (sre notes, i. 52). 

In regard to these specifications L remark in geueral : 

. Fint, in reference to no one of them do the claims of any people to 
the honor of having been the original inventors ur discovere!'s uppear to 
be hetter founded than those.of the Hindus. 

Sevondly, in reference to most. of them, the evidence of originality I 
regard as clearly in favor or the Hindus; aid in regard to some, and 
those the nore important, this evidence appears to me nearly or quite. 
conclusive. 

1 has 2“Aot. space for detail, nor is it the design of this uote to enter 
into the details of argument on any point whatever, A brief remark, 
however, for the sake of clearness, seems calléd for in reference to each 
of the above five specifications of facts aud principles common to some 
or all of the ancient systems of astronomy and astrology. 

1, As to the lunar division of the zodiac into twenty-seven or twenty- 
aight asterisins, ‘The wudoubted antiquity of this division, even in its 
elaborated form, among the Tlindus, in connection with the absence or 
paucity of such evidence among any otner people, incline me decidedly 
to the opinion that the division is of 2 purely-Lfindu origin. This is 
still my opinion, notwithstanding the views advanced by M. Biot and 
others in favor of another origin. 


8. As tuo the solar division of the Zour into twelve parts, and the 


names of those parts. The use of this division, and the present names 
of thy, signs, can be proved ty have existed in India at as carly a period 
asin an}eother country: and there is evglence less clear and satisfac- 
tory, it is true, yet of such a character as ‘to create a high degree o 
probability, that. this division was known to th: Ifindus centuries before 
any traces eun be found in existence among any other people. 

As corroborative of this position in part, or at least as strongly favor- 
ing the idea of.an oastern origin of tho division of the ecliptic in question, 
[may be allowed to adduce the opinions of Ideler and Lepsius, as quoted 
by Uumboldt (Cosmos, Ilarper’s ed., 111.120, note): . “Ideler is inclined 
to belicve that the Orientals had names, but not constellations, for the 
Dodeecatomeria, and Lepsius regards it as a natural assumption ‘that 
the Greeks, at the period when their sphere was for the most part 

43. 
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unfilled, should kave added to their own the Chaldcan constellations 
from which the twelve divisions were named.’” Whether Ideler meant 
by “Orientals” the Chaldeaps, or some other eastern people, the appli- 
cation of the term in this connection to the [indus exactly suits the 
supposition of the’ Indian origin of the division in question, since in 
Indian astronomy the names of the signs are merely names of the 
twelfth parts of the ecliptic, and are never applied to constellations. 
Huinboldt’s opinion is, that the solar divisions of the ccliptic, with the 
names of the signs, came to the Grecks from Chaldea. 1 think the evi- 
dence preponderates in favor of a more eastern, if not a Hindu, origin. 

3. The theory of epicycles. The difference in the development of 
this theory in the Greek and Tlindu systems of astronomy precludes 
the idea that one of these people derived more than a lint respecting it 
from the other. And so far as this point alone is concerned, we have as 
much reason to suppose the Gireeks to have been the borrowers as the 
contrary; but other considerations sccm to favor the supposition that 
the Hindus were the original inventors of this theory. 

4. As regards astrology, there is not much honor, in any estimation, 
connected with its iuvention aml culture. The coincidences that exist 
between the Hindu and Greck systems are too remarkable to admit of 
the supposition of an independent origin for them. ut the honor of 
original invention, such as it is, lies, 1 think, between the Ifindus and the 
Chaldeans. The evidence of priority of invention and culture seems, on 
the whole, to be in favor of the former; the existence of three or four 
Arabic and Greek terms in the ILindu system being accounkg for on 
the supposition that they were introduced at a comparatively Yecent 
period. In reference, however, to the word hord, Greek doa (sce notes 
to 1.52; xii. 78-79), it may not be inappropriate to introduce tht tes- 
timony of Herodotus (B. II, ch. 109): “The sun-dial and the ynomon, 
with the division of the day into twelve parts, were reccived by the 
Greeks from the Babylonians.” There is abundant testimony to the 
fact that the division of the day into twenty-four honrs existed in the 
East, if not actually in India, Lefore it did ia Greeee. In reference, 
farther, to the su-called Greek words found in Lindu astronomical treat- 
iscs, I would remark that we may with entire propricty refer them to 
that numerous.class of words common to the Greck and Sanskrit lan- 
guages, which cither came to both from a common souree, or passed 
from the Suskrit to the Gre& at a period of high antiquity; for no 
one maintains, so far as L am aware, that the Greck is the parent of: the 
Sanskrit, to the extent indicated by this numerous class of words, and 
by the similarity of grammatical inflections in the two languages. 

5. As to the names of the planets, I remark that the identity of all 
of them in the Hindu and Greck systems is not to ny mind clearly 
made out. T[lowever this may be, I think the present names of the 
prot) in (rreek astronomy originated at least as far cast as Chaldea, 

erodotus says (13. II, ch. 52)... “the names of the gods came into 
Greece from Egypt.” The names of the planets aro names of gods. 
Herodotus’s opinion indicates the belief of the Greeks in reference to 
the origin of these names. Other considerations show for them, almost 
beyond a question, an origin ag far east, to say the least, as Chaldea. 
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As ta the application of the names of the planets to the days of tho - 


week, it is impossible 1o determine definitely where it originated. Re- 
specting this matter, Prof. H. Hf, Wilson expresses his opinion—in which 
I concur—in the following language: “The origin of this arrangement 
18 not very precisely ascertained, as it was unknown to the Grecks, and 
not. adopted by the Romans until a late period. It is commonly 
ascribed to the Egyptians and Babylonians, but upon no very sufficient 


authority, and the Ilindus appear to have at least as good a title to the ” 


invention as any other people” (Jour. Roy. As. Noe., ix. 84). 

One word on the claims of the Arabians to the honor of originabin- 
vention in astronomical science. And first, they themselves claim no 
such honor. ‘They confess to having received their astronomy from 
Tndia and Greece. They had at an carly period some two or three of 
the first Hindu treatises of astronomy. “In the reign of the second 
Abbasside Khali Almanstir ... (A. D.,7'73), as is related in the preface 
to the astronomical tables of Ben-Al-Adami, published . . . A.D. 920, 
aun Indian astronomer, well versed in the scienee which he professed, 
visit/d the court of the Khalif, bringing with him tables of the equa- 
tions of plancts according tu the mean motions, with observations rela- 
tive to both volar and lunar eelipses, and the ascension of the signs; 
taken, as he affirmed, from tables computed by an Indian prince, whose 
nune, as the Arabian author writes it, @as Putauar” (Colebrooke’s 
Hindu Algebra, p. Ixiv). That the Arabians were thoroughly imbued 
with a knowledge of the Hindu astronomy before they became ac- 
qr itintyt with that of the Greeks, is evident from their translation of 
Ptolf@iny’s Synutaxis. Jt is known that this yreat work of the Greek 
astronomer first became known in Europe through the Arabic version. 
In the Latin translation of this version, the ascending node (Greek @va- 
Bifesuv odydeuuo;) is valled nqlus capitis, “node of the head,” and the 
descending node (Greek xurafesé5ow obsdequos), nodus cade, “node of 
the tail”—which are pure Ilindu appellations (see Latin Translation of 
Alinagest, D. iv, ch.4; 13. vi, eh. 7, et al.). This fact, with other evidence, 
elearly shows the influence of Hindu astronomy on that of the Arabians. 
In fact, this latter people seem to have done little more in this science 
than work over the matérials derived from their eastern and western 
neighbors. 

Another fact showing the belief of the Arabians themselves respect- 
ine their indebtedness, in matters-of science, to the Ilindus, should be 
méxtjoned here. They ascribe the invention of the numerals, the nine 
digits {she credit of whose invention is quite gencrally awarded to the 
Arabians), to the Hindus. “All the Arabic and Persian books of aritB- 
metic ascribe the invention to the Indians” (Stracney, on the Early 
History of Algebra, As. Res. xii. 184; see lik>wise Colebrooke’s Hindu 
Algebra, pp. lit-liii, where the same 1s shown ‘rom a different authority. 
Strachey’s article was published subsequently to the work of Colebrooke). 

The above facts and considerations, showing the indebtedness of the 
Arabians to the Ilindus in regard to mathematical and astronomical 
acience, clearly have an important bearing on the question of priority 
of invention in regard to the lunar division of the zodiac into twenty- 
cight asterisms, at Icast so far as tho Arabians are concerned. Taking 
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all the facts into account, the supposition that this people-ewere tho 
inventors is altogether untenable. . 

I close this note—already longer than I intended—with a quotation 
from that distinguished orientalist, H.T. Colebrooke. Ina very valu- 
able essay entitled “On the Notions of the Hindu Astronomers concern- 
ing the Precession of the Equinoxes and Motions of the Plancts,” having 
stated with some detail some of the more striking peculiarities of the 


‘ Tindu systems, and likewise coincidences existing between them and that 


of the Greeks, with the evidence of communication from one people to 
thg other, he says: “If these circumstances, joined to a rescinblance 
hardly to be supposed casual, which the Ilindu astronomy, with its ap- 
paratus of eccentrics and cpicycles, bears in many respects to that of 
the Greeks, be thought to authorize a belief, that the Hindus received 
from the Greeks that knowledve which enabled them to correct and im- 
prove their own imperfect astronomy, T shall not be inclined to dissent 
from the opinion” (As. Res., xii. 245-6; Essays, ii. 411). 

This is all that so learned and cantious a writer could say in favor of 
the opinion that the Ilindus derived astronomical knowledge from the 
Greeks. More than this I certainly could not say. After the Nolar 
division of the zodiac, with the names of its parts, it is evident, I think, 
that only hints could have passe: froin one people to the other, and that 
at an early period; for on the supposition that the Hindus borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
what it was that they borrowed; since In no case do numerical data and 
results in the systems of the two peoples exactly correspond. aoc! in 
regard to the more important of such data and results—as for instance, 
the amonnt of the annual precession of the equinoxes, the relative size 
of the sun and moon as compared with the earth, the greatest cquation 
of the centre for the sun—the Hindus are more nearly correet- than the 
Greeks, and in regard to the times of the revolutions of the planets 
they are very nearly as correct: it appearing from a comparative view 
of the sidereal revolutions of the plancts (p. 24). that the [indus are 
most nearly correct in four items, and Ptolemy in six. ‘There has evi- 
dently been very little astronomical borrowing between the Hindus and 
the Grecks. And in relation to points that prove a communication from 
one people to the other, with my present knowledge on the subject, I 
am inclinel to think that the course of derivation was the oppdsite to 
that supposed by Colebrooke—from east to west rather than from west 
to east; and I would express my opinion in relation to astronomy,7in 
the language which this eminent scholar uses in relation to se ata 
dences in speculative philosophy and religious dogmas, cspe€ially the 
doctrine of metempeychosis, found in the Greck and Hindu systems, 
which. indicate a communication from one people to the other: “I 
should be disposed to conclude that the Indians were in this instance 
teachers rather than learners” (Transactions of the Roy. As. Soc.,.i. 579). 
This opinion is expressed in the last essay on ‘oriental philosophy that 
caine from the pen of Colebrooke. E. 5. 

. Boston, May, 1860. 
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Tae following Index contains all the Sanskrit. words, excepting proper names, 
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anra, 1.28 n, 

ancunimarda, vil. 19. 

aksfu, i 60 n. 

aks radrkkarman, vil. 12 n, ix. 5 n. 
ak: hbhbhi, iii, 12 w. 

akshounati, i. GO n. . 
agrajyd, iii. Tn. 

agramdurtikd, iii, 2'7, 

aqrd, il. Tn. 

ayhds, add. n. 26. 

angdr qk t, add. nu. 3. 

any! iii. 5n, x. 9. 


auavakalis, vil. 12 1. 
aaanagraha, vi. 12 n. 
ayanadrkRarnnan? vii. 12 n. 
ayanduca, 105, * 
ayanduta, xa. 72 n, 
arkea, add, n, 3. 
arkaja add. vn. 8, 
arkagrda, ii, 25. 
anjuac add. un. 26. 
loka, xiit. Wn. 
nvanati, Vv. ln 
acvattha, add. n. 26. 
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aja, }. O84. [ venayisdin, 183. 

aja ckamid, 199. {  aeriad, aseini, aguindu, 183 
ann, vil. 19. |, ashadhd, 194, 

ativeqita, it. 11 1. | ararad, lil. 15 n. 

aticiyhra, ui. 13. . f @sifa, x. 15 n. 

adili, xii. 28 n. | axv, 1.12 n: and see asavas. 
adhikdra, i. 70 0, x1. 23 n. it aanred, 1. 2, Xil, 33. 
adhinuisa, adhimisaka, i. 10 0. + ate, ix. 1D. 

adhytitma, xii. 11. | astamquchant, xii. 138. 
adhidiua, xi. 230, xii. 10. i| asxfemana, astamaya, ix. 1 n. 
anurtdlut, 19%. ‘| astalaugna, xiii. 15 np. 
anunurvakra, 1. 12. 1 astdngda, ix, 5D. 


anushaaqu, add. n. 3. 
antara, xi. 18 Nn. 
anturalaqudasavaa, ili. 50 n. 
ety, iil. Fn. 
andhakd, add. n. 20. 
apekrama, i. 70 0. 
apakramamandala, xiii. 18 n. 
apabharani, 184. 
apomandala, xiil, 13 n. 
apasavya, Vii. 19. 
apasavyam, xii. 72 n. 
apmneatsa, vill. 21 n. 
abhijit, 196. 
amarcjyu, add. n. 3. 
amdodsyd, ti. 66 0, iv. 7. 
anirta, 1. 10. 
amrtasrdva, xiii. 19 n. 
ayana, iii. 10, 249, xii. 72 n. 


uxphuta, v. 7, 

ahankara, xii. 20. 
agharqana, sin, 

ahi budhaya, 199, ix. 18. 
ahordtre, ili, 51 on. 


dhiten, xii, 90 1 
tiksha drkkarma vii. 12 0. 
tksha ve lana. iv. 25n, 
dgreya, vii 18, 
adi, Si, 5, 
dditya, viii. 19, xii. 28 n. 
ipa, dpas, 194, vill. 21 n. 
upyd, Vili. 4. 
uyane graha, vii. 12 n. 
dyana drkkerman, vii. 12 n. 
| dyana valana, iv. 25 n. 

: drki, add. n. 3. 
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drdrd, 186. | kdpdlika, vii, 18n. . 
dryikd, add. n. 26. | kirmuka, add. n. 16. 
dli, i. 58 n. kdla, i. 10n, ii. 69n. 
dortya, iii.”12 o. t kelagati, ix. 11 0. 
dereshd, 188. | kilabhdgas, ix. 6 n. 
delesha, 188. it Adlasddhana, iii. 50. 
dsannatd, xii. 'T2 n. | Keilinceis, ix. Bn. 
| kashthd, i. 12n. 

indu, add. n. 3. i kuja, add. n, 8. 
invakd, add. n. 26. ats | Avejad. ii. @8 n. 
tluald, add. n. 26. f kutila, ii. 12. 
taku, add. n. 16. |i kwnbha, i. 58 n. 
ishta, 1. 58 n. i Kitta, vii. 22. 

l Arta, i, Vn. 
ueea, 1. 33, 34 n, fi. 6 o. | Aria yuga, i. Vin 
utkramajyd, ii. 27 n. i Arttikd, 184, 
utkram«jydrdhupindaka, ii, 22. | Arshua, xiv. 117. 
uitara, vi. 12 n, 189. | Arshnatimra, vi. 28. 
uttara khanda, xi. 23 n. || Arshua paksha, i. 51n. 
uitardyana, ili. 12 n. ' kendra, ii. 80n, 45 n. 
wdaya, v. 3n, ix. 1n, . Kofi, ii. 3On, x. 15n, add.n. 16. 
udayajyd, v. 3n. | kotijud, i. 30n, add. a. 16, 
uduyaprdanis, ii. 59 n. Kotijydphata, ii. 39 n. 
udryasavas, ii. 59 Nn, ili. 43 n. '  kotiphala, ii. 39n. 
udauastidhikara, ix. 1 n. © , kona, tii. 54n. 
unnata, iii. 39 n, iv. 20. | konaranka, ii, 840. 


unmandala, iti. 6 n. { Ardati, i. T0n, 
unmandalaranku, iii. 3.40. ' Krintijud, it. 28n. 
unndane. iv. 17 n. i Kruntimita, 86. 

ullekha, vii. 18. ! Avedtatiqnitagati, ii, 12 n- 
Krentimandala, xiii. 13 n. 
Kreintiortla, xiti, 13 0. 
krova, i. 60 1. 

Khana, i. 120. 

Ksheaya, i. 40 n, xii, 72 n 
Ashiti, ii. 63 n. 

Ashitija, ii. 49n, v. 1 n. 
kshityue, ii. 63 0. 

Kehtp, 1. 10%. 

KAshetra, \x. 161, xiii. 11. 
Kshetréaqis, ix. 160, 
Asertriya, 193. 

Eshepa, iv. 21n, v. 6n. 


urdhvam, xiii. 10 n. 
urdhva yumyotiaravrita, xiii. 15 u. 


Tcas, xii. 1'7, 

rju, li. 13. 

Tn li. on. 

rtu, xiv. 10 n. . 
rshi, viii. 21 n, xiv. 26. 


ee 


ekadega, xi. 18 n. 
ekdyanagata, xi. 5p, 18 n. 


cindra, xi. 21. 
khacara, add. n. 22. 
Khacarin, add. n. 22. 
kKhamadhya, v.1n, xiil. 14. 


oja, i. 35. 


Kakshd, iv. 8 mn; xii. 65 n, xiii. 4. 
kadamba, v. 1 n. 

“kanyf, i. 68 n. 
kapdla, v.17 0D, xiii. 22 n. 
kupila, vi. 23. 
karana, it. 67, 69 n. 
karani, iii. 30, 34n. 
karka, kurkata, i. 53 n. 
karna, ii. 41, iii. 25 n, iv. 21 n. 
karman, ii. 42, vii. 12 n. 
kalana, i. 10 n. 

* kald, 1.12 n, 28: 

kali, i Vin * 
kali yuga, i. VT n. 
kalpa, 1. 19. : 


gana, i. 28n. 

ganda, xi. 22n. 
ganiania, xi. 21, 22. 
gati, v. 6n. 

garbha, v. 1n. 

guru, xiii. 2, add. n. 8. 
gurvakshara, i. 12 n. 
guhyaka, xiii. 3 n. 

gola, v. 1n. 

gduna, 1.18 n. 

grasta, vi. 13, ix. 9. 
grahka, iv. 6n, add. n°22. 
grahana, iv. 6 vn, Vi. 4. 
grahayutyadhikdra, vii. 1 n. 
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grdaa, iv. 11, 15n, 20. 


grdhaka, iv. 9 n. 
grdhya, iv. 9n. 


ghati, xiii. 23 n. 


ghatikd, i. 12 n, xiii, 28 n. 


cakra, iii. 12 n, xiii. $1 n. 


caturasra, iii. 5 n. 
caturyuga, i. 15, 17 n. 
catushpada, ii. 69 n. 
eandra, add. n. 3. 


Sanskrit Index. $39 


candragrahanddhikéra, iv. 260. 


candradicus, x. 15 0. 
cara, 11.63n, 68, xiv. 
earakalis, 310, 
carakhanda, iii. 44n, 
carajyd, iii. 36 n. 
caradala, ti. 63 n. 
cala, ii. 40. 

eqla karna, ii. 42 n. 
ede, add. n. 16. 
ciurd, 190. 


chandas, xii, 15. 
chidaka, iv. 90. 
chidya, iv. 9n. 
chiiyd, iii, Bn. 
chedn, iii. 35, v.71. 
chedyaka, vi. 1n. 


o 
jambudeipa, xii. 44n. 
jayin, vil. 21, 
jita, vii, 20. 
jiva, add. n. 3. 
jivd, ii, 27 n. 
jira, add. n. 3. 


jyd, ti. 27n, add. n. 16, 


Jydpinda, ii. 27 n. 
juapindaka, ii. 31. 
jyirdha, WW. 270, 
judrdhapinda, ii. 16. 
jysshthd, 192. 


jyotishopanishadadhydyn, xii’ 3 n. 


Jyotis, i. 3n. 


i, xii, 12. 

tatpara, 1. 14n. 
aman, vB 11. 
tallagndsavaa, ix. 11. 
tdjika, vii, 28. 





tdrubd, tard, vii. 10, viii, 16,19, xii. asi 


tdrdgraha, vii. Ln. 
tigmangu, add. n. 3. 
tithi, i. 18, ii, 66 0. KI 
tithikahaya, i. 40n. 
fithyanta, V.13D. — 
tins, iii. 5 n. 
tiryakmitra, x. 16n. 
tiryagjyd, xiii. 13 n. 
tishya, 187. 
tikshndngu, add, n. 3. 


Vii. 


tuld, i, 58 n. 
torana, 191. 
trincatkriyas, iii. 12 n. 
trincatkrivas, tii. 120, 
trikoua, iii, 34 n. 
trieatuhkurna, vii, 14n. 
trijind, ii. 60 o. 

trijyd, li. 60 n. ; 
tripragnidhikdra, ii. 69 n. 
tribhajiva, —jyd, -mdurvikd, ii, 60 n. 
tribhonalagua, v.1n. ° 
truti, 1.12 n. 

tretd yuga, i, 17. 


dakshina, vi. 12m, 
dak -hindyane, iii, 12 0. 
dunia, 1. 12n, 60n, 
dasru, viii. 9. 
dinakara, add. n. 3. ° 
dinrarési, 1. 28n, 51 n. 
dinanydsadala, ii. 60 1. 
divakura, add. n. 8. 
dic, it, 69n, v.23. 
drkkarman, vii. 12 0, 
drkkshepa, v. 6n. 
Urktulyatd, vit. 180. 
Urktulje etc., Xi 8D. 
drqqati, v. 6n. 
dragqatijier, vl. 
drajmi, Vv. On. 
dryfambana, v. in: 
drgcrita, v. ln. 

dre, ii. 14, i, 34n, v, 6n. 
dreydneda, ix. 51, 
deca, li. OY, V. 2 
derantaura, 1. 61 n, 
deeintaruphala, it. 39 n, 290. 
deiirata, i. 10. 

dowjud, ii, 18. 

dos, ii 30n, add, n. 16. 
dynqana, 1. 61 n. 
dyujya, ti. 60 n. 
deipara yuga, i171, 
dniseablniva, xiv. 4. 
deipu, xii. 44m, 


dhana, ii. 5 n, 

dhuniu, 196. 

dhanishthi, 196, 

dhonu:, i.58n, 6On, xiii. 21n, add,n. i. 
dhishny: , vii, Lu, xi. 21, 

dhtruva, 1. 67, viii. 1 n. * 
dhruvakea, vii. 1, 
dhruvaiurcd, xii. 43. 


nakshatra, 207. * 
nekshutraqrahayutyadhikéra, viii. 10, 
anata, iii, 16, 17 1. 

natajyd, iv. 25 0. ' 
natubhayss, iii. 17, 

natdneds, iil. 21. : 
nait, Vv. 10. 
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nard, xiii. 22 n. prdiic, vi. 12 n. 
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narayantra, xiii, 24. '  preéna, i. 121, 

ndkahctra, X. 5 1. ‘  proshtha, 197. 

nagn, iir 67,69 n, Zi. 33. proshithapadd, 19. 

addi, i. 12n, xii, 25 n. ; 

nddikd,i, L2n, xiii, 28 n. t phala, iii. 84n. 

nimilana, iv. 17n. + phalguni, 189. : 

nimesha, i. 12n. phalquui, 189. 

niraksha, xii. 44 n. : 

nirrt?, 193. bala, vii. 20, 

nizdkara, add. n. 3. "bali, 192. 

nigdpali, adil. n. 3. balin, vii, 21. 

nishtyd, 191. '  hsirhaspatya, viii. 18. 
drirhauapatya mana, i, 660. 

paksha, ii. G6 n.  Grihu, i. 80n, add, n. 16, 26. 

pada, ii. 29, viii. 5, 197. bihujyd, ii. 30. 


para, i. 21 n. 

parana, i. {0n. . 
paramakrauti, -jyd, ti, 28 n. : 
paramind. i120. 
peramapakrana, ii, 28 np. 

param dus, i. 21 n. 

pardrdha, i. 21n. ; 
paridhi, it. 38n. (bhai. 27 n, iii, 12 n, 
parilekha, vi. 10. bhaqaued, t. 27n, ii, 1, xii. 6. 
parilekhidhikura, vi. Un. bhaeaukra, ti, 1G. 

paryanka, 189. : blundra, V7. 

pervan,iv. &n, xiv. 16n. bhecdrajued ¢ 19, 


hth uphala, ii. 39 n. 

boi On, olin, 

hiadhea, add. ne 3. 
brhaspaft, add, n. 3. 
breohautn, xin 12. 
brahmulirdaya, yti. 12 n. 


parvaniduas, iv. 8n. Aheererue UAL 
parvavinetlyas, V. 3. :e Lhasandhi, xi, 21m. . 
parrdnta, xiv. 160, Ade, ih oon 


pala. i. 12n, xiii. 25 n, bheiqa, i 23n. 


palubhd, iii. 13 n. 8 bhadrapadi, 19T. 
pareal, vi. 12 n. *f bhe ee, add. a 3. 

pala, 1. 32, xi. 5 n. | Oheracre, whl. n. 3. 
patddhik-ira, xi. on. “ bhetskaura, ahlon. 3. 
pitila, NAL. 33. : Lh eine’, il. AY Dv. 
pidma i. 230, | © 8 Mhektiil 20. 
pirelird, xiii? on. U Ahead, TN, 

pinda, ii. 27; a " dle jet, Woda, Wh 5 n, add. n. 16, 
pitaraa, 188. po deeper UL 80 n, add. n. 16. 
pitrya, viii. TB. [ bheies niphate, Woon, 
prnarvasu, 186. | bAesuphala, ii, 89 1. 
prrusha, xii, 12. | dreamypee Fy, i. 6. 
puxhya, 187. . NO bfstyoda, li 32, 
pirnamd, parnima, ii. 66 n. 1 bhagqobidhydua, xi, 23.0, 
pirnimdnia, xiv. 16 n. | bhaputra. add. ww 3. 
prea, 189. bhubhaqule, xiii 3 
prea khanda, xi, 25 n. bhygmigole, ii. 3n. 
shan, 194. Ghiumiputra, addin. 8, 
prohtha, v. \n. :  bhasata, vddon. 3. 
pdurmondsi, ii 66n. | bhrgu, vd. nw B. 
pdnhnya, xi. 21, | bhrauja, ald. n. 3. 
prakrt), xii. 18. bheda, vii. 18. 
pragraha, iv, 15n. bhoga, ii, 64. 
prayrahana, v.16. i] bhogydsaves, iit, 49 n. 
pratishthana, add. vu. 26. bhuinmea, add, n. 3. 
prabhii, iii. 5 n. | Ghramaga, xii. 76. 
pramidna, Vv. 13. 

pravaha, ii. 3. makara, i. 68 n, 
pragna, 275. maghd, 188. 


prai, iv. 26 n, add.n. 28. manea, 189. 
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mandala, x. 15n, xi. 18 n, xii. 76. 
mataya, iii. 6 n. 
madhya, i. 10 n, xiii. 15 n. 
madhyakarna, ili. 23 n. * 
madhyagruhana,v.18n. ° 
madhyajyd. v. 61. . 
madhyapdta, xi. én, 
madhyabha, v. 1. 
madhyama, xiii, 14. 
madh yamadhikdra, i. '70 n. 
marth yarekhd, i. 62 n. . 
madhyatagna, iii. 49n, xiii. 15 np. 
madhyasthityardha, v. 18 n. 
madhydhna, x. 8n. 
madhye, xiv. 14. n. 
manu, i. 19 Nn. 
manda, iit.6n, 12, add. n. 3. 
mandakarman, vii. 15 p. 
mandakendra, ii. 30 n. 
mandatara, ii. 12. 
mandaparidhi, ii. 34. 
mandnphala, it. 44. . 
aah i. 34n. 
wnnvantora, i. 191. 
maharshi, i. 8, xli. 35. © 
mahdbhitta, xii. 28. 
mahdyuga, i. 17 n. 
mahdcanku, add. n. 21. 
mind, iv. 30. XiV. DN. 
meaniddhydya, xiv. 2 n. 
manda karman, ti. 48. 
mandy phata, ii. 39. 
masha, xiii. 23 n. 
mitra, 19%. 
mithuna, 1. 58 0. 
mina, i. 5S n. 
mukha. xiv. 6n. 
mukhya, i. 130. 
muhurfa, i. 12 po. 
murta, }. 10 p. 
mila, 193. 
mrga, i. 58 n. 
mrgauvyddha, viii. 12 n. 
snrgariras, 18b. 
mrgacirsha, 185. 
melaka, vii. 1 0. 
wy meexha, i. 68 n. 
mitra, vii. 18 
onokshe, iv. 15n. 
mdurvikd, ii. 27 n. 


yajgnahi, xii. 17. 

yantra, xiii. 15. 

yarhti, xii. 21 n, 

ydmyottara-rtta, iv. 260, xiii. 15 p. 
ga, i. 17n, 58. 

yugma, li. 30. 

yutt, vil. In. 

yuddha,vii. 1 n. 

yoga, ii. 06 n, vii. 1 p, add. n. 19. 

yogatdrd, 179. 

yogatdrakd, vii. 19. 

yojana, i. 60 n. 
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ranhaa, ii. 8 n. 

ravi, add. n. 3. 
rakshaaa, i. 62. 

rdci, L 28 n. 

rahu, it. 8 n. 

rekhd, i. 61 n. 
renugarbha, xiii. 22 n. 
revati, 199. 

rohini. 185. 
raudrarksha, ix. 14. 


lagna, iii..48, 49 n. 
lagndntaraprdnds, ix. &. 
lagniintarasavas, x 2. 
lagnasaras, iti. 47. 
lankodayda, xiii. 14. 
lankodandaavas, iti. 49 n. 
lamb, i. 27Tn, iit 12 n. 
lamba, i. 60 n. 
fambajyd, i. 60. 
lambuna, v. Ln. 

lintd, i. 28 n. 

liptikd, i. 28 n. 
lubdhaka, viii. 12 n. 
luka, xiii 16 n. : 


vakra, ii. 12. 

vakragnti, viii. 15. 
vakrin, ii. 54. 

varsha, xii. 44 n. 

valana, iv. 26 n. 
valandneds, iv. 25 a. 
valz, 192%. * 

vasx, 186. 

vasira, xiil. 16. 

vdyana, Vili. 19 nn. 

vira. 1. 62 n. 

varaha, 1. 23 n. 

vanava, 1x. 18. 

vikald, i, 28, vil. iO. 
vikship, i. 10 0, Vil. 12. 
tikxhepa, 1. 70 o. 
vigraha, vii. 22. 

vicridu, 193. 

vijita, vil, 21. 

vitust?, til, 5 nm. 

vidic, ili, 32, 

vidyddhara, xil. 31 n. 
vidhu. add. n. 8. 
vidhrta, vidhrti, xi. 5 a. 
vidhoausta, vii. 2). 
vinadi, i. 12 n. 

viparit: , xi. 6 n, xil 73 n. 
vimand«, iv. 15 n. 
vinasvant, nid. n. 3. 
vicdkhd, 191, 194. 

vicre devds, 194. 
vishama, ii. 830. ° 
vishnua, vixhunat, iii. 6 a. 
vinhkuratprabhd, iti. 18. 
vinhmuuadhhd, in. 7. 
vishuvadrrtta, iii. 6 n. 
vishuvannrandala, iii. 6 n. 


342 Sarya:Siddhdnia, 


vija, 1. 84.0. 
‘vrtta, ii, 33 n. 
orddhi, xii. 72 n. 
orcceka, i. 58 n. 


sanhitd, vit. 28n, add. n. 1. 
sankramana, xiv. 10 n. 
sankrenti, xiv. 30. 
sadhumra, vi. 23. 


ershan, i. 58 n. sandhi,xi. 22 n. 
vega, ii. 11 n. scnunihitam saras, i. 62 n. 
veda, xii. 27, 


saptarshayas, xiii. 9. 

sama, ii, 12, iv. 26 n. 
samamandala, iii. 6 n. 
samamandalaganku, iii 34 n. 
samaaistra, xiv. 7 n. 
samdgama, Vii. 1 n, 20, 22. 
samiica, Vi. 38. 

acras, 1, 62 pn, 

sarpiis, 188. 

savana, xiv. 19 n. 

savitar, xii, 28 n, add. n. 3. 
savyam, xii. 72 n. 

Stimfini, xii. 17, 

siimpradiys ka, vii. 14 n. 
ariyeanet, 25. 

arpa, vill, 19. © 

aiunna, i. 12, xiv. 19 n. 

sinha, i. 58 n,. 

siddha, xii. FB. 

t siehthiinta, wd. n. 1, 

sidhya, 187. 
gure, xit. 41. 
suet, tv. bn, 
aitrd, xiii. 22 n. 
sity, ack). n. 3. 
suryaqrahantdhikdara, iv. 26 n. 
niryutanaya, add. pn. 3. 
suryvadicas, X, 15 Nn. 

soma, add. n. 3. 

adumya, Vili. 16, add. n. 3, 
sdura, 1.15, xiv. 3D. 

sthite, iv. 16 n. 

sthira, xiv, 61. 


vedinga, i, 3 n. 

vdidhria, vdidhrti, xi. 5 n. 
edicua, Viil. 4. 

vdtahunati, xiil. 9. 
vdishnava, ix. 18. 
vyaksha, xii. 44 n. 
vyatindta, xi. 5 n. 
vyoman, xii, 30. 


coke, add. n. 12. 
cakuni, ii. 69 n. 
rank, iii. 6n, 34 n. 
fankujind, iii, 22, 
gatabhisha), -ahe, 197. 
sani, add, n. 3.. 
randirrara, add. n. 3. 
payyd, 189. 

care, add. n. 16. 
gardinka, add. n. 3. 
facija, add. n. 3. 
¢acin, add. n. 3. 
gdka, add. n. 12. 
cikhin, 216 note, 
¢ighra, i. 34 n, ii, 12. 
tighrakarman, ii. 37. 
oe fighrakendra, ii. 30 n. 
* ighratare, ii. 12. 
sighraparidhi, ii. 55. 
sighraphala, ii, 44. 
sighrocea, ii. 6 n. 
citagu, citadidhiti, citdncu, add. n. 3. 
qukra, add. n. 3 


gukla, x. 4, 9. sthila. vilt 19. 
be. paksha,i. blo. , aparca, 'v. 15 n. 
a, xili, 22. 


speshta, i i. 58, 
apeuxbtddhikera, i, 'T0 n, 
aphuta, i, 60. 
aphatarthityardha, v.17 n. 
sphutikar and, ili, 14. 
srotas, xii, 26. 


sTnga, X. Tn. 

erngdia, 195. 
srngonnatyadhikara, x. 1 n. | 
esha, iii. 61 n. 

pdighrya, li. 42, 43. 





frana, iii. 26, iv. 21 n. sudti, svati, 191. ‘ 
fravana, iv. 21 pn, 196, 
E-ravishthd, 196. harija, Vv. 


crond, 196. + haata, i. 60n n, , 190. 

hiina, xii, ‘72 n. 

himadidhiti, himaragmi, himdngu, add. 
n. 3. 

hiranyagarbha, xii. 15. 

hutabhu), viii. 120. 

hord, xu. 79 n. 


shadacitimukha, xiv. 6 n. 


samyoga, vii. ln. 
aamuat, samvataara, add. n. 12. 
sanakdra, 810. 


GENERAL INDEX. 


The references are as in the preceding Index. 


Abhijit, 22nd asterism—identification etc.,|: Anuridhi, 17th asterism—identification 
195; omission from the series, 208-10. ete, 192. 


A bo-r- Raihiin, see al-Birdni? |. Anuvatsara, 4th yeur of lustrum, xiv, 17 n. 
cleshé, Yth asterism—identification etc,! Apamvaten, name of star (5 Virgins), viii. 
188; its last quarter unlucky, xi. 21. | ul. : 
¢vina, 6th or 7th month—i, 51 n, xiv, 3n,; Apas, name of star (4 Virginis), viii. 21. 
-l6n, | Apheliou, p. 15—see A psis. 
Agvini, lst astcrism-—identification etc.,, Apogee, p. 15—sce Apsia. . 
183. , Apparent longitude, vii. 12n; term how 
Acvins, divinities of Ist asterism, 183. | used by Colebrooke, viii. Jn. - 
Aditi, divinity of 7th asterism, 187. | Apsis—term how employed in this work, 


Adligya, 187 ete, xii. 28 n. . p.15: apsides of the planets, mode of 
Ai, i. 19; day of Bruhma, i. 20; names.| action, ii. 1-6 ;revolytions, i.11-42: how 
ol past and current, i. 25 n. [i devised, i. 440: positions, ace. to dif- 
Agustya, mune of star (Cnopus), viii. 10.", ferent authorities, i, 44; compared 

Age—Great Age, or Quadra, ‘2 Age, how. with I'tulemy’s, add. n. 11. 
composed, i. 15217; Golden, silver, Bra-") For moon's apsis, see Moon. | 
gen, and fron Ages, i. 17; quarter-Age,' Arab astrology, connection with Hindu, 
proper period of this treatise, p. 16.0 [! vil. 23 n, 

Agni—divinity of 3d asterism, 184; with Arab use of sines, later than Hindu, p. 56. 
halra, divinity of 16th asterism, 191; Arab luoar mansions, 18U; identified and 
name of star (3 Tauri), viii. 11. compared with Hindu and Chinese, 183— 

Albatezniua, Arab inventor of sines, p. 56.5 200; character and origin of system, 

al-Birdui—visit to India, and notices of: 203 ete,; stellar chart illustrating, add. 
Hindu astronomy, i. 3u, Gn, wWentifiea:” on. 27. 
tion and description of the asterisms, Arc—nagnes of, and of its functions, add. 
181 ele, 208. ; |, &.16: part of are determining sine, ii. 
[For other Arabic names commencing: — 30; to tind are of a given sine, ii 38. 
with the article, see the initial letter of Ardra, 6th astcrism—identifiealion ete, 
the word following the uarlicle. | bh 186, add. n. 26, 

Altitude, sine of—nanme, 11-4, add. n. 215; Arnollary ephere—construction, equip- 
how calculated, iii, 28-34, 34-36, $7-38:' ment, and revolution of, xiii, 1-20; its 
instrument for taking altitude, xii 21.) use, dnd cumparison with those of other 

Altitude in time, iii, 3%, iv, 26. . ations, xiii, 3n; ita adaptation to ob- 

Amplitude, sun's at horizun--sine of, 1i.; serving: polar lupgitude and latitude, 
27: measure of, on the dial, i, 75 ita’ villi, 12 n, 

Xeonstant ratio w hypoth, of shadow, iii; Aryabhatta—his period and writings, add. 
Tn; how calculated, iii, 22-25, 27-28! on. 1; references (o bis doctrines, i, 27 n, 

Ampta, name of a yoya, ad@. n. 19. 1.60 u, add. n. 18—see Arya-sidahigta, 

Anala, 24th year of Jupiter's cyele, 1.55 ni, Laghu-Arya-Sid "vinta, Aryiishtagata, 

nunda—22nd year of Jupiter's cycle, ij; Dagagi iki. 
535 n; name of wu yoga, add. n. 19. ‘Aryabhatis, commentator on the Sirya- 

Angiras, 40th year of Jupiterseyele.i.55n)) Siddhar ia, add, a, 2. 

Angle, a quantity not employed in Hindu}! Aryaman, divinity of 11th or 12th aster- 
astronomy, 115. ;. inm, 190. 

Avomalistic revolutions of plancts, p.63 | Aryfshtagata, treatise by Aryabhntta, add. 

Anomaly, mean—name, ii. 29; how reck-|); n, 1. 


oned, ii? 29 n. ‘Arya-Siddhanta, add. n. 1: citations of its 
Anquetil du Perron, notice of the Parsij! teachings, p. 24, i. 44n, add. n. 6. 

asterixms etc., 1S0. jAscensipn—sve Right ascension and Ob- 
Antipodes, Hindu view of, xii, 51-53. lique ascension. : 


34d Sirya-Siddhanta, 

Ascensional difference, how calculated, ii. 
61-62. 

Ascensional cquivalents—see Right ascen- 
eion and Oblique a-cension, 


Atiganda, 6th yoga, ii. 65 n. 
al-Auwa’, 13th manail, 190. 
Avanti, name of Ujjaytni, i, 62. 
yin-Akbari—orbits of the planets, as 
Ashidha, 20th ond 21st asterisms—identi-|) given by, 255 note; description of in- 
fication ete., 194. strument fur measuring time, xiii, 28 n. 
shidha, 3rd or 4th month, i 51n, xiv.||Ayuzhmant, 3rd youn, ii. 65 n, 
3n, 16n. 
Aspects, unfavorable, of sun and moon,||Rahudhanya, 46th year of Jupiter's ‘cycle, 
when of like declination, xi. i. G5n 










i. 
Asterisms—Hindu naine for, 207; how to 

be translated, 207, adil, n. 28: their por- 
tions, or divisions of tho ecliptic belong- 
. ing to them, ii. 64, 179, 207: their junc-| 





Bailly—his views of Hindu natronomy, 
introd. n., 828; mean pvsitions of the 


planets at Beg. of Iron Age, p.18: uther 
references to his works, p. 74, 289. 


tion-stara, 178; time and motive of se-! Bilava, 3rd etc. karana, ii. 69 n. 


lection, 207; names, add, n. 19: situn- 
tion in each group, viii. 16-19; mode of 
definition of poxition, viii, Ln; defined 
positions, vill. 2-9; illustrative figure, 





al-Baldah, 2let manzil, 195. 
iBanij, 7th etc. karana, ii 69 n. ° 
Buse of a right-angled triangle, ii, 80n, 


add. n. 1. 


178; checgrdance of authorities, 182 4 Base-sine = sine, ii. 30 n, add. n. 16. 


errors of position examined, anid time of 


Base of the gnonion-shadouw, iii, bn, 23- 
definition deduced, 211; mode of ob-| 


25. 
servation of positions, viii. 12m; detailed| Batn al-Hat, 28th manzil, 109. \ 


identification, of the groups and their 
junction-stars, with statemeht of name:. 
eyinbols, divinities, defined positions, 
ete, comparizon with Arab smaniizil) 





alkamar and Chinese sieu, 183-200 ;i: 


additional synonyms of nnmes, add, n) 
26; inability of Inter Hindus to point) 
them out, 181; al-Birdni’s information! 
Texpecting. them, 181 etc, 208, 209;| 
conspeetua of correspondences of the! 
three’ ayétene, 200 ; stellar map illus. 
truting their relations, add. n. 27; Bi- 


Bava, 2nd ete. karaya, ii, 69 n. 
‘Bentley, introd, note ; his views of Hindu 


nstronamical liternture, i. 3 n, p- 24; 
method of determining the age Of a Sid- 
dh4nta, p. 20; applied to Sdrya-Siddhan- 
ta, and concluaiun drawn, p. 21; criti- 
cism of his method and results, p. 29 ete. ; 
general estimate of his labors, p. 24 add. 
n.8: his view of Liindu precession, 10+ ; 
of asterisms, 194; other citations from 
and referencea tu his works, p. 18, 19, 28, 
74, 108, add. n. 1, 4, 6, 8, 826. 


ot's views of their origin ang connec-||Bhadricva, name of a clime, xii. 38. 
tion, 201 ete.; age of the ayatem in In-[|Bhidrapadé, 26th and 27th asterisms— 


dia, 203; discussion of its character, 


identification ete., ]97, add. n. 26. 


connections, and origin, 203 ete.; trans-||/Bhddrapada, 6th or 6th month, i, 61 n, xiv. 


fer of first rank from Krttiké to Acvini, 


206; relation to the muon, 208, add. n | 


28; variation in number, avd umission 


of Abhijit, 203. ; 


eonjunction of planets with asterisms, 


3n, 16n. 


Bhagn, divinity of 11th or 12th asterism, 


199, 


Bharani, 2nd asterism—identification etc,, 


14. 








Vill. 14, 15, rystems of yozas founded||Bharata, name of a clime, containing In- 
upon, 212, add. n. 19; helincal settinys,|| dia, xii. 89. , 
ix. 12-15, 17-18; orbit and revyolutiun,||Bhaskara, add. p. 1—see Siddhainta-Ciro- 
Ril. 73, 80, 90 n. mani. 
Agrology—generally treated in distinct||Bhava, 42nd fear of Jupiter's cycle, i, 66 n. 
Works, Vil. 230; titles of astrological) hoja-Siddiuinta, add. n. 1. 
works, vii, 230; connection of Hindul/Bhrgya (1 Vrshyal) 49th year of Jupi- 
with Greek and Arab, vii. 23n: astro {| ter’s cycle, i. 55n. 
logical import of conjunctions of plan-|/Bhddhora, commentator on Sirya-Sid- 
eta, vil. 18-24; of splitting of Rohini's|} dhdénta, add. n. 2. 
Wain, viii. 18m; of equality of declina-}Bija, currection of mean motions of plan- 
tion of sun and moun, xi; of sun's en-||_ ets, p. 19 etc, i. 9n; table of mean mo- 
trance into a sign, xiv. 11. tions as 20 corrected, p. 20, add. n. 7. 
Astronomy—see Greek astronomy, Hindu||Biot—his views of origin and history of 
astronomy. Chinese aizu, 181, 201 etce.; of Hindu as- 
Astrononiical literature of Hindus, sum-|| terisms, 206 ete. « uf omiusion of Abhijit, 
mary view of, add. n. 1, 208; of Hindu sines, add. n. 15; other 
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references to and citations from his|(Cloka, common Ginda veree, introd. n, 
works, i, 440, i. 670, 115, add. n. 10,|Cobhana—11 th year of Jupiter's cycle, i 
11, 18, 21, 28, 99, ; 55 n: 5th yora, li, 65n. Ae 
Brahma—iuy of, i, 20; length of his life||Co-latitude, terrestrial—name, i. 60n<how * 
1. 21, time of, xiv. 21: divinity of 22ndl{__ found, iii, 13-14, 14-17. " 
asterium, 195: name of star (§ Aurige:),||Colebrooke, introd. n.: his statement of 
Vii. 21 n: 25th yoga, ii. 65 n. the systems of yogas, ii. 65, add. n. 19; 
Brahmagupta, i. Sieadd, n.1—see Brahma-|| identification etc. of the asterisma, 180 
sphuta-Siddhfinta and Khanda Kataka. || ete; information as to astronomical lit- 
Brahinahrdaya, vame of star (Capella), crature, add. n. 1: other references'to 
Vil, 11-12. and citations from his worke, i. 27 n, 
Brahma-Siddhanta, add. n. 1, 6. p. 23, 89, 101 ete., vili. 1 n, 10-12 n, 12n, 
Brahmn-sphuta-Siddhinta, add. n. 1; its|| 19n, 21n, xiii 3n, 5n, xiv. 16n, add. 
system, how different from Sdrya-Sid-||_ n. 2, 6, 10, 18. ; 
dhanta, add. n. 6: references to its doc-]]Color of moon when eclipsed, vi. 23. 
trines, i 3n, 400, 60n, 102, 182 etc,,!/Commutation, mean—name, ii, 20 p; how 
Vili. 12 n, adel, n. 18, reckoned, ii. 29 n. 
Drhaspati, divinity of 8th asterism, 187.||\Conjunction of a planct—term how em- 
_ Brhagpati-Siddhanta, add. n. 1. ployed in thia work, p. 24; mode of ac- 
Budhavara, Wednesday, i. 62 n. tion on the planet, ii. 1-5; revolutions, 
al-Hula’, 23rd sanz7/, 196. i. 29-32 ; orbite, xii. 85-86. 
al-Bufain, 2nd manzi/, 184. Conjunction and opposition of sum and 
] moon, common name of, iv.8 n: true and 
apparent conjunction, names of, v. 13 n, - 
Conjunction of planets with one another, 
vii; with asterism, viii. 14-15; nanfe, 
general, vii. 11; particular, astrological, 
vii. 18-20, 22: conjunction viewed as 
taking place onesecondary to prime 
vertical, vii. 6n: time and place how. 
calculated, vii. 2-11; illustrative ob- 
servations of conjunctions, vii. 15-18. 
Contact of disks, or disk and shadow, in 
“ll eclipses, iv. 150; time of firat and last 
contact how determined, iv. 16, 
Cosine—not distinctly recognized, p. 56, ii. 
30; term corresponding to, ii. 30n, 
Cardinal directions, names of, vi. 120. add. n. 16; part of arc determining co- 
Carvari, 8th year of Jupiter’s cycle, i. 65 n.||_ sine, i. 30. 
Catabhishaj, 25th asterism—identification||Cosmogony, development of crention, xii. 
ete. 197. ‘10-28. 
Catushpada, 60th karana, ii. 69 n. 
Central ecliptic-point, v. 10; sines of its 
altitude and zenith-distance, v. 5-6. 
Chany, Yth siew, 190. 
Chattra, nume of a yoga, add. n. 19. 
Che, 241th #iA, 199. 
Chin,*11th szew, 190. 


Cabakalpadrumau—its 
add. n. 1. m 

Citra, 12th or 1st month, i. 51 n, xiv. 3 n, 
16n. 

Cakalyn-Sanhita, add. n. 1: references to, 
181, 182 etc, 213, 217, 218, add. n. 6, 
ete. 

C‘akuai, 58th karana, i. 69 n. 

Calendar, sketch of a Hindu, for the year 
1859-60, 1. SI n. 

CAlivahaga, era of, add. n. 12. 

Canivira, Saturday, i. 52 n. 

Carn, name of a yoga, add. n. 19. 

Carad, autumn, xiv. 10 n, 16 n. 


list of Siddhintas, 


Cravana, 23rd asterism—identification etc., 
196, add. n. 26. 

Cravana, 4th or 5th month, 1. 51 D, tiv. 
3n, 16n. 

Cravishthi, 24th astcrism—identification 
ete., 196. 

Creation, time spent by the Deity in, 1. 

Chinese astronomy and division of the] 24; us given by other treatises, 1. 44; 
heavens-——see Sieu. reason of thia adowance, p. 18. 

Chord of an are, p. 67, xiii. 15.n, add. n. 16. Cridhara, ratio of dium. to circumf, accord- 

Chronological cycles, i 15-21; eras, add. ing to, 1 6Un. : 
n. 1%. Crimukba, dist year of Jupiter's cycle, i. 
igirn, cool season, xiv, 10n, 16n. 55 n. 

(oa ae ii, 38 n; divisions of, i. 28;|Crishena, author of Romaka-Siddhéata, 
ratio of diam, to cireumf, i, 60n, p.67.|| gdd.n. 1. 

Citri, 14th asterism—identification ete.,||Crivatea, name of a yoga, add. n. 19, 


190. (Gubha—23rd yoga, ii. 65n; name of a 
Citrabhanu, 50th year of Jupiter's cycle,|| yogn, add. n. 19. 
i560, * 


Cu net 10th year of Jupiter's cycle, i. 
55n. 


iva, 20th yoga, i. 65 n. ae ‘ids 
e Cubit, i. 60 n, ii. 5 n. 


ivil time, day—see Time, Day. 
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Cukla— 37th year of Jupiter's cycle, i. |Degree of a circle, i. 28. 


650; 24th yoga, ii. 65 n. ‘Delambre, references to and citations from. 
Cukravira, Friday, i. 52 p. his works, introd. n., p. 65, 56, 105, vii. 
* Gola, ith yoga, ii. 65 n. | l4n, add. n. 15, 17, 18. 


Cusps of the moon—name, x. 1n, 15 n;|Dhatar, 44th year of Jupiter's cycle, i. 
their elevation calculated, x. 6-8; de-| 65n. 
lineated, x. 10-15. ladh-Dhira’, %th manztil, 187. 
Cycle—of five years, i. 58n; names of its JMirti, Sth yoga, ii, 65 n. 
years, xiv. 17n: of. sixty years of ¢ upi-|Dhrava, 12th yoga, ii. 65 n. 
ter, i. 55: of twelve years of Jupiter,| Dhdmra, name of « yoga, add. n, 19. 
xiv. 17: their relation, xiv. 17 1: vaster| Dhvaja, name of a yoga, add. n. 19. 


chronological cycles, i. 15-21. 'Dhvanksha, name of a yoga, add. n. 19. 
Dial, construction of, iti. 1-7. 
ad-Dabaran, 4th maneil, 185. ° Diameter, relation of to circumference, i. 
Dacagitika, tredtise by Aryabhatta, add.’ 60n, p. 57. 
vp. 1. | Digit, iii. 6m; measure of the gnomon ix, 
Dada Bhai, commentator on Sarya-Sid-! inf. Sn; equivalent in minutes, in pro- 
dhinta, add. n. 2. | jecting ‘an eclipse, iv. 26; measure of 


Daily motions of planets ete., i. 25-27; of | the moon's disk in, iv. Un, x. 9 n. 
ual absolute amount on each orbit,’ Directions on the sphere, how reckoned, © 
xii.90n: tables of mean daily motions; 137, vii. 6n: cardinal directions, vi. 
p. 17, 20, add. n. 5, ‘7; mean motions in| 12n. 
sideteal day, 291: true daily motions, Diurnal circle, radius of, how calculated, 
. how calculated, ii. 47-51; comparative! i. 60. 
table of, for Jan. 1, 1860, p. 87. 'Dundubhi, 30th yé@ar of Jupiter's cycle, 
Davis, references to and citations from his! i. 55 n, 
esanys in Asiatic Researches, introd, n.,',Duration of an eclipse, name of, iv. 15.n; 
p.19, i. 55 n, p. 54,74, xiv. 16.n,l7n,: how determined, iv. 12-15, v. 13-17. 
add. n. 17, 289, 29, 311. ‘Durmati, 29th year of Jupiter's cycle, i. 
Day—civil day, how reckoned, i. 36, xiv.| 65 n. 
38; number of in an Age, i. 37; varying ;Durmukha, 4th year of Jupiter's cx-le, i. 
Jength in clifferent seasons, xi, 45-71:; 55, 
luvar day, i. 13, number of in an Ago 
L 37; ita portion, ii, 64 : current ue how ‘Earth—form, position, and support, xii. 
determined, ii, 66: omitted lunar days,| 32; apparent form, xii, 54; its revolu- 
i. 36; number of in an Age, i. $8; how! tion taught by Aryabhatta, i, 271; di- 
calculated for a given period, i. 60: sid-| mensions, i. 59; centre and surface, 
cereal day, xiv. 15; its divisions, i. 11-! terms for, 142; poles, xii. 31-36; geo- 
12; number of in an Age, i. 34: solar! graphical divisions, xii. 56-40; zones, 
day, xiv.3n: day of the gods, i. 13-14,! xii, 59-69; cavities within it, xii. 83; 
xil, 45, 47-51, Tf, xiv. 20; day of the! measurement by creles and ares not ap- 
Fathers, x. 77 n, xiv. 14; day of Pra-! plied to, 1. 650. 
jApati, xiv. 21; day of Brahma, i 20, ‘Earth's shadew, diameter how calculated, 


xiv. 21, " av. 4-5, 
Day®of a planet, i. 31, ii. 59; its divisions, Eurth-sine, ii, 61. 

il, 62-63. East and west direction on the sphere, 137. 
Day-measure, iii, 35 n. «East and west bour-circle, ii 6, xiii, 1. 
Day-radivs ii, GU. _ East-point, 138, add. in. 23. 

Day sine, ii. 60. : Eccentric eirele, equivalent to Hindu epi- 


VDeclination—name, p. 46; reckoned asin' cycle of apsia, p. 64, 
the ecliptic, p. 46, vill. 1m; how caleu- ‘Eecentricities of planetary orbits, compar- 
lated, ii. 28; how combined with luti-j ative table of, p. 76. 
tude, i. 58; comparative table of, for Eclipses—nume, iv. 6n; rules, applying 
Jan, 1 1860, p.87: how found by ob-/ to sular and lunnr, iv; rules for paral- 
servation, tii. 17-18. : || Jax. applying to solar, v; projections of 
Decliyation, equal, of the sun and moon—/|  cclipses, vi: primitive theory of cause 
ting’ how calculated, aud astrulogital | of eclipse, iv. 6n, 11n: true theory, iv. 
influence, xi. 4 9: occurrence of annular eclipse not 
— Of ecliptic: from an eae and’ coutemplatad, ¥. Wn. caleulation of a 
WER hades ig CNT | einer wh. wo A we 


ir projection of eclipses, wv, 24-25: how cohpou ahi n th, projoctiet of aly 
» projected, vi. 2~y. Die avriped, BS%. 
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@icliptic—name, xiii. 13; pole, 143; di-Geography, xii, 4-42; of Puranas, xii 
Visions, 1.28, their equatorial equiva-) 44 - — 
lents, iii, 42-45: inclination, ii, 28: ori-| al-Ghafr, 15th manzil, 191. 

ent and meridian points, iii, 46-49 ; cen-\|Gnoroon, i.1,5n 


tral point, v.1n: deflection from east|'Goei, 24rd siew, 197. >. - 

and west direction at o given point, iv.||Graha-Laghava, add. n. 1; its definition of 

24-25. position of the asterisms, 182-198; of 
Elements, five, xii. 28. fixed stars, viii. ]2 n, 21 n. ' 
Entrance of the sun into a sign, astrolog-|Gteck astronomy, relation of, to Hindu, 

ical character, xiv. 3, 11. 327 etc.—see Ptolemy. 


Epicycle—name, ii. 88 n: dimensionas for||(Greek words in Hindu technical language, 
all the plancts, ii. 84-3%g change of di-|) i. 28 n, 62 n, ii. 20 n, iii. 84 n, 830. 
mensions, iL 38 n, p,76, add. u. 18; epi: Grishma, summer, xiv. 10 n, 16 n. 
cycle of apsix equivalent to eccentric |Gddharthaprakigaka, nqne of Rangana- 
orbit, p. 64: relative dimensions of orbits! tha’s commentary on the Sdrya-Sid- 
deduced from epicycles of conjunction,|| dhénta, introd. n, 

p. 76; comparison of Greek and HinduliGuruvara, Thursday, i. 52 n. 
systems, p. 74; Ctreek origin of the; 
method, 329. 

Equation of the centre—how calculated, | Hall, F. E.—his eflition of Sdrya-Siddhan- 
4. 39; Ptolemy's method, for sun and | tn, introd. n, add. n 1. 
moon, p. 67; for other plancts, p. 47 $°\al-Han'ab, 6th manzil, 186. 
hof applied, with annual cquation, in 'Harshana, 14th yoga, ii. 65 n, 
figling true places of lesser planets, "i Hasta, 13th asterism—identificati8n ctc., 
44-15; comparative table of value when! = 349, 


greatest, p. 70, __ |'Hemalamba, 5th year of ‘Jupiter's cycle, 
Kquation of the orb, or annual equation i, BD n. 
how found, ii, 40-42 : Ptolemy's meth-'Jfomanta, winter, xiv. 10 n, 16 n. 
ol, p. 78: how applied, with equation | Hemisphere—naine, v. 17n; eastern and 
of centre, il, 43-45. . .. 4 western, of heavens, v.17; northern 
Equagion of time, correction fur, ii. 46; | and southern, of earth, xii. 45, 46. 
its Insufficiency, ii. 46 n, 293. “Heliacal settings and risings—of planets, 
cquation of motion of a planet, ii, 47-51.) ix, 1-11; distance from sun of occur- 
Equator, celestial, ti. 6. 4! rence, ix. 6-!: calculation of time, ix. 
Equator, terrestrial, 248, * 10-11, 16: of asterismy, ix. 12-175 as- 
Equinoctial shadow, iii. 7, 12-13; howd torisms which neter set heliacally, ix. 
found from latitude, ili. 17. 18: of moon, x. 1. " 
Fquinox, iil, 6 n: precesvion of—see Pre-: Hindu astronomy, discussion of its origin, 
cession. | «ge, and relation to the Greek, add. 
Eras in practical use among Lindus, add.' n. 30. 
n. 12. : _, UHit, 22nd avew, 197. 
Ether, fifth elemeut, xi 23; orbit of, xii. }fouisington, H. R.—his Oriental Astrono- 
$0, 81, YO. ; 4 mer cited, introd. n., ii, 13 n, p. 74. 
Evectiun, not noticed by Hindus, p.67. | 1orizun, iii. 44) n. 
(}Hour—naine, i. iz 0; succession of regents 
ner, 15th ater, 192. | of, xii. 79, 
alec al-Mukdim, 26th manzil, 199, | Hour-angle, distance in time from meridi- 
al-Farzh al-Mukhir, 27th snanzil, 199. an, 1. 34-36; corrected hour-nngle, 140; 
Fathers, or Manes—divinities of 10th as-| sun's hour ungle how determined frdin 
terism, 188; their station and day, xii:| observation, Wii.-37-49. 
"4, xiv. 14, || ly othenuse—name, iv. 21 n: hypoth. of 


T'ixed stars—names and defined el shadow of gnomon, tii. 8; constant re- 











al-Hakah, 5th menzil, 186. 





of certain, viii. 10-12, 20-21; theiridens| lation to n ensure «. amplitude, iii. 7 n. 
tification, villi, 12.n, 210. | 


Full moon, day of, ii, 06n. —« litevare, 45th vear of Jupiter's cycle, i. 


i 65n. 
ame add. n. 19. hivatsara, 8rd year of lustrum, xiv, 17 0. 
al 1oth eek a8 x (ftdeter—identiications of Arab manézil, 


-Laghi «| 182 ete. 
one author of Grahn-Lighayva, add ae oe ee 
Gara, 6th etc. karana, ii. 69 n. xiv, 171. 


Garga, argu-Siddhiinta, ndd, n. 1. Hal-(klil, Lith menzif, 192. 


348 Sarya-Siddhénta, 


Inclination—of planetary orbits to ecliptic|Krodhana, 88rd year of Jupiter's cycle, ig 
i, 68-70; comphrative table of, i. 70n:]| 56 n. : 
af ecliptic to equator, ii. 28. Krodhin, 12th year of Jupiter's cycle, i. 

Indra—26th yoga, ii. 65n: divinity of] 55 n. 
18th asterism, 193; of others, 197; with'|Krttika, Srd osteriam—identification etc., 
Agni, of 16th, 191. 184; formerly first of the series, i. 27 n, 

Incqualities of planetary motions—how| 7206. 
produced, ii. 1-8; why of different de-||Kshaya, 34th year of Jupiter's cycle, i. 
grees, il. 9-11. . 55 n. 

Instruments—armillary sphere, xiii. 1-20,||Kuei, 6th sicu, 187, 

viii. 12n; other instruments for meas-]|Kugu, a clime, xii. 40. 

uring time, xiii. 20-24; for taking alti-/|Kurukehetra, gegion in India, i. 62 p. 
tude, xiii. 21 n; for taking zenith-dis- ; 

tance at meriginn transit, viii, 12m. {'Ladha, astronomical authority, i. 8 n. 


Iron Age, i. 17 nj its commencement, p. 173! Layadha or Lagata, author of Jyotish, i. 
how determined, p. 18. 





8 n. 
Laghu-Arya-Siddhinta, add. n. 1; cita- 
aj-Jabhah, 10th manzi/, 189. | tions and references, p. 24, add. n. 6. 
Jambddvipa, central continent in Puranic, Lambaka, name of a yogn, add. n. 19. 
geography. xii. 44 n.° | Lanka, i. 62 n, xii. 39. 
Jaya, 2nd year of Jupiter's cycle, i, 55 n./ Lata, called by nl-Birdni author of Sarya- 
Jervis, his Weights, Measures, and Coins! Siddhinta, 1. $n. 
of Indin, introd. n. ILatitude, celestial—name, i. 70 n, it 21; 
JiAnaBhaéekara, reference to, i. 6 n. | how measured, i. 70m, viii, 1 n; mean 
Jfann-raja, author of Siddhanta-Surfdara,'| grentest latitude of planets, i. 68-70: 
add. n. 1. 1 latitude of planets how calculated, il. 
Jones, Sir W., references to and citations} 56-57; how combined with declination, 
from his works, 180, 181, xiv. 16, add.j| ii, 58. 
a. 1. Latitude, terrestrial—name, i. 60n; how 
Jupiter—names, revolutions, etc., etc. see} nscertained by observation of shadow, 
"lanete—Jupiter's cycle of sixty years, iii, 13-14, 14-16: cjreumf. of earth ona 
i.45; of twelve years, xiv..17; their! purallel of latitude, how found, i. 50. 





relation, xiv. 17 n. ree 27th siew, 184. 
Jydiahtha, 2nd or 3rd month, i. 51 n, xiv.||Li, Chinese mensure of distance, 1. 60 n, 
8n,:16 n. } add. n. 13. 


Jyeshtha, 18th asterism—identification ete 
199; its last quarter unlucky, xi. 21. 
Jyotisha, astronomical treatise, i. $n. 


Licu, 7th stew, 188. 
Lokaloka, boundary of the earth, xii. 44 p, 
xiii, 16 n. ° 
iLongitude, apparent—-term how employed, 
Kaladanda, name of a yoga, add. n. 19. |! per ahs ee ‘al es oe 
al 9 : har" _ |Longitude, celestial, of a plunet— 
a ure See Che upitere cre} for, 1. 53 n; mean loneituce how found, 





al Kalb, 18th manzil, 193. '. 68, 54, 6U-01, 67; true longitude 
Kamalikara, author of Tattva-Viveka! how found, ii. 830-45: sun's true and 
add. n. 1. ‘1 mean longitude how determined from 
Kina, name of a yoga, add. n. 19. observation, iii. 17-20, 40-41. : 
Kang, 18th siew, 191. Longitude, polar—term how employed in 
Karana, half a lunar day, ii. 67-69. thia work, viii, 1 n; polar longitudes of 
Karttika, 7th or 8th month, i. 51n, xiv,l| asteriamy, vil, 2-6; of certain fixed 
3n, 16n. atars, vill, 10-11, 20-21. . 
.Kiulava, 4th ete. karana, ii. 69 n. Longitude, terrestrial—name, i. 61 n; 
Ketu, moon's descending node, ii. 8 n. whence measured, i. 62; how deter- 
Ketumila, a clime, xii. 89. mined, i. 63-65; measured in yojanas, 


Khanda-Kataka, treative, or chapter of one||_ !. 65 0. ss 
by Brahmagupta—cited by al-Birdnt re- Lunar tire, day, month—see Time, Day, 
specting asterisms, 181 etc., 208, 209, ||_ Month. 

Khara, 59th year of Jupiter's cycle, i. 55 nJ|Lustrum, cycle of five ypars, 1. 58 n; 


Ki, 18th siew, 195. bames of ite years, xiv. 17 n. 

Kilaka, 16th year of Jupiter's cycle, i. 55 n. 

Kinstughna, lst karana, ii. 69 n. Mackenzie collection—see W ileon. 

Kio, 12th sieu, 191. Magha, 10th asterism—identification ete., 


Koei, 26th stew, 199, 188, add. n. 26. 
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85 ; apparent diameter how calculated, 
iv. 2-3; conciser method, 312: moon's 
heliacal setting and rising, x.d; time of 
rixing and vetting, how calculated, x;2— 
G; elevation of cusps, x. 6-8; to deter- 
mine illuminated part of disk, x. 9; to 
delineate illuminated part, and elevation 
of cusps, %. 10-15: moon the divinity of 
5th asterism, 185; relation to system 
of asterisms, 207, add. n. 28; equality of 
declination with sun unpropitious, xi. 1 
etc. ; station of the Fathers, xii. 74. 
Motions of plancts—sec Daily motions, 


Magha, 10th or 11th month, i. 51 n, xiv. 
3n, 16n. 

Maitra, name of a yoga, add. n. 19. 

Mallikarjuna, commentator on Sdrya-Sid- 
dhanta, add, n. 2, 

Mammabhatta, commentator on Sarya- 
Siddhinta, add. n. 2. 

Manasa, name of a yoga, add. n. 19. 

Manazil al-kamar—see ‘Arab lunar man- 
sions, 

Mangalavira, Tuesday, i, 52 n. 

ee 3rd year of Jupiter's cycle, i. 

n. 


Manu, citations and references, i.12n,| Inequalities. : 
17n,19n, 23 n, xii. 28 n, xiv, 14 n. Mryacgirsha, 5th asterisms— identification 


Mao, Ist sien, 185. ete, 185, add. n. 26. 
Margacirsha, 8th or 9th month, i, 51n/]Mrezavyddha, name®of star (Sirius), viii. 
xiy. 8n, 16 n. 10--11, add. n. 26. 
Mars, names, revolutions, etc., ete—see||Mrtyu, name of a yoga, add. n, 19. 
Planets. Mudgara, name of a yoga, add. n, 19. 
Matanga, name of a yoga, add.n. 19. *}/Muhirta-Cintamani, cited respecting as- 
Maya, recipient of revelation of Stirya-!) terisms, 181 ete. 
Siddhanta, i. 2, 4, 6 n, 7, xii. 1, 10, xiv, Muhdrta-Mala, cited respecting Abhijit, 
24-77; conjectured identity of his namejj 210. 
wifh thatcf Ptolemy, i. 6 n. Mala, 19th astcrism—identification ete.,183. 
Mean motions of planetsa—see Daily mo-|Muni¢vara, anthor of Siddbanta-Sarva- 
tions ete. bhiuma, add. n. 1, 2. 
Mean places of planeta—see Longitude. ||Musala, name ofa yoga, add. n. 19. 
Measure of amplitude, fii. 7. 
Mercury, names, revolutions, etc,, ete.—an-Na‘iim, 20th manzil, 195. 
see Plancts. Nadi, sixtieth part of sidcereal day, i. 11. 
Meridian—no clistinet name for in text, xiii] Naga, 69th karana, ii, 67, 69 n. 
15n; name in commentary, 139, xiiijian-Najm, dru manzil, 185. 
15 n. |iNancana, Gvih year of Jupiter's cycle, i. 
Meridian ecliptic point, ill. 49, v. 4-5, 9 n. | 65 n. : 
Meridian, primc—=situation of, i. 62; why |Narada, Narada-Siddhanta, add. n, 1. 
chosen, 1 62 n. \N@radi-Sanhita, add, n. 1. . 
Meridian-sine, v. 5. jan-Nathrah, 8th swayze, 187. 
Meru—pvles of the earth, xii. 34-35; in||New moon, day of, ii. 66 n. 
Puranic geography, xii. 44 n. |Nicu, 20th siew, 196. 
Minute of are, i. 28. paunn- iyit, stars in Scorpio, 193. 
Mitra, divinity of 17th asterism, 192, Node of a planetary orbit—name, i. 84 n, 
Month—civil, i. 12: lunar, i. 13; number 


in an Age, i. 35; names of those com- 
ing the year, i. 61 n, xiv. 16.0; how 
Ferived, xiv, 16n; divisions of lunar 
onth, i. 51n: intercalary months, i. 
38 ; number in a given period how cal- 
culated, i. 49: lunar month a day of the 
Fathers, xii. 74, xiv. 14: sidereal month, 
i. 12: solar month, i. 18; number in an 
Agé, i. 39; names, i.51n, xiv. 16 n; pre 


xi, 5; only ascending nale spoken of, 
i. 84; names of ascending and de- 
seending nodes, ii. 8, 216; mode of 
action on the planet, ii. 6-8; revolu- 
tions, i. 42-44; how devised, i.44n; po- 
sitions, nec. to different authorities, i. 
44n; compared with Ptolemy's, add. n. 
11; corrections applied to places of, i# 
calculating latitude, it. 56. : 

For moon's nude, s Moon. 


cise length of the several solar months|Nrsinim, cor. mentator an Sdrya-Siddhin- 
xiv. 3n; division into seasons, xiv. 16 nj] ta, add. n. 2. 
Moon—namea, revolutions, etc., etc., seul] Nii, 21st siex, 196. 
Planets—Moon’s apsides and noges,revo-||Numbers, how expressed in the text, in- 
lutions in an Age, 1.33, mean daily mo-|| trod. n. 
tions of, p.17, 20, add. n, 5,7; in side-|; ee 
real day, 291; positions at beginning of| Oblique ascension, equivalents in, of signs 
Iron Age, p. 18, add. n. 6; orbits, xii. 87-|| of ecliptic, ili. 44-45 ; table of equiva- 
88 : moon's dimensions, iv. 1; mean ap-|| lents ss calculated for Washington, 
parent diameter, distance, and horizon-} 121; for Williams’ College, 313: de- 
tal parallax, iv, 1n; orbit, iv. Lo, mi. grees-of oblique ascenfion, ix. 6 n. 
45 


850 Strya-Siddhdnia, 
Observations—How far contemplated in! Perigee, perihelion, no name for, p. 63. 


Hindu system, vii. 18 n, viii, 12 u, 328 ;|\Perpendicular of a right-angled triangle, ii. 
ree of Hindu observations, 212,)) S0n, add. n. 16. 
0 


Perpentlicular-sine = cosine, ii. 30 n, add. 
Oeil, 28th sicu, 184. n. 16. 


Orbit—name, iv. 3, xii. 16: orbits of the|Phalguna, 1ith or 12th month, i bln, 


aa 1, 26, xii. 73-77; their | 

imensions, xii. 80-90 ; how determined, 
i.27n, iv. 1n, xii. 90n; their relative! 
dimensions deduced from epicycles, und 
compared, p. 16. 

Orient ecliptic-point, iii. 46-48. 





xiv. 3n, 16n. 


jPhalguni, 11th and 12th asterisms—iden- 


tification ete., 189, add. n. 26. 


Phases of an eclipse, contact, immersion, 


emergence, separation, grentest obscu- 
ration, etc.—namer, iv. 15n, 17 n. 


Orient-sine, or sine of amplitude of orient/!Ti, 2nd siex, 185 ; 25th aiex, 199. 


ecliptic-point, v. 3. 
Pada, quarter of a ¢loka, introd. n. ! 
Padma, name of a yora, add. n. 19. 
Padma, name of last Kon, i. 23 n. 
Pajica-Siddhfntilka, i. 8 n, add. n. 1. 
Paribbavo, 14th year of Jupiter's cycle,| 
1. 55 n. i 

Pardcara, add. n. 1. 

Pardcara or Pirficara Siddhanta, adi. n. 
1; its system, add. n. 6 ; length of year,! 

_ p. 24; positions of apsides and nodes, i 
44 n. 

Parallax—general exposijion of Hindu! 
view of, v.1n; horizontal parallax off) 
moon and sun, iv.1n; the sume acc. 
to Ptolemy, iv. 1o: vertical parallax 
and its resolution, v.1n; parallax int 
longitude, name of, 144; mode of cal-;: 
culating, in dime, v. 3-8; parallax in| 
latitude, name of, 144; mode of caleu-|! 
lating, v. 10-12: method of applying! 
parallax in determining phases of eclipse,| 
v. 9,13-17, 319; general criticism of 
methods of calculation, 155: parallax’! 
of other plancts neglected, vii. 28 n. | 

Paridhavin, 20th year of Jupiter's cygle, iJ; 
55 n. 

Parigha, 19th yoga, ii. 65 n. | 

Parivatsara, 2nd year of lustrum, xiv|| 
lin. I 

Parsi asterisms, or 28-fold divisiun of 











ecliptic, 180, 206. 
Parthiva, 53rd year of Jupiter's cycle, i; 
65 n. 
Path of extremity of shadow, how drawn ! 
€ on the dial, iii, 41-42. | 
Path of eclipsing body, how drawn in pro- 
jection of eclipses, vi. 14-16. | 
Patriarchate, great chronological period— 
how composed, i. 18: reckoned as day 
of Prajipati, xiv. 21. 
Paulastya or Pulastya Siddhanta, add. n. 1. 
Pauliga or Pulica Siddhinta, i. Gn, add. 
n. 1, 6: its length of year, p. 24. 





‘Pingala, 26th year of Jppiter's cyclo, i. 


r 


b5n. 


‘Planet, name, iv. 6 n, add. n.,22. 
‘Planets—names, add. n.3; creation, xii. 


22-24; gencral explanation of motions, 
i, 25-27, xii. 73-77, point of commence- 
ment of motion, i. 27, p.18; time of com- 
mencement, i. 24, p. 17, 18, 1. 44n; nid- 
cereal revolutions in an Age, i. 29-82, 
tables of periods of sidereal revolution, 
p. 17, 20, 24, add. n. 5, 7; men daily 
motions, i. 26, xii. 83; tables of ‘lo., 1. 
34 n, add. n. 6,7; mean positions, end 
of Inst Golden Age, i. 57; do. beginning 
of Iron Age, i. 58 n, add.n.6; actual 
mean positions, beg. of Iron Age, p. 18 : 
to find mean longitude for any given 
time, i. 53-67; mean longitude as found 
for Jan. 1, 1860, and errors, # 67n: 
causes of irregular motion, ii. 1-11, 
kinds of motion, ii. 12-18 : how to cal- 
culate truce longitudes, ii. 29-45; di- 
mensions of epicycles, ti. 54-38 ; equa- 
tion of centre, 11. 3"; annual equation, 
li. 40-42; culculution of true rates of 
wotion, ii. 47-51; of declination, ii. 28 ; 
dita for tinding latitude, i. 68-70 ; mode 
of calculution, ii. 56-57 ; combination of 
latituie and declination, ii. 58: com- 
parative table of true longitudes, daily 
motions, and declinations, for Jan. 1, 
186), p.37; apparent diameters, iv. 1 n, 
vii, 18-14: orbits, how determined, iy. 
1n, xii. 90n; absolute dimensiong xii. 
80-90; relative dimensions, deduced 
from epicycles, p.6; distances from 
earth, xii. 84; order in respect to <Jis- 
tance, xii. 31; order in which referred 
to in this work, i. 52 n: synodical revo- 
lutions, ii. 42 n: conjunctions of planets 
with each other, vii; with asterisms, 
vill. 14-15: heliacal settings and risings, 
ix. 1-Fl: régency over days, months, 
etc., i. 51-52, xii. 78-79: day of a plan- 
et, 11. 59, 


Pausha, 9th or 10th nionth, i. 51 n. xiv.||Plava, Yth year of Jupiter's cycle, 


3h, 16 n. e 
Perfected, the, a race 
beings, xii. 28,31, 40. 


55 n. 


of supernatural||Piavanga, 15th yoar of Jupiter's cycle, i. 
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| . 
vee Ueltode and latitnde, terme how!) ting of planets, ix.9 n; positions of » 
Seat a ty is work, viii, 1 n. | sides and nodes of planets add. n. W 
143- o e ah XU. 34-36, of ecliptic |'Pulica, author of Pauliga-Siddhamte, add. 
Polestars, 4 an vertical, 159. n. 1; identical with Paulus Alexandri- » 


Porti ee |_ nus? i. Gn, add. n. 1. ‘ 
vortion of an asterism, il, 64,179, 207-10.) Punarvasu, ‘Ith usterism ~~ identification 
Possessors of Knowledge, supernatural|l ete., 186. 


beings, xii. 31. 'Pdrva-ashidha, 20th asterism—identifica- 
Prnbhava, 85th: year of Jupiter's cycle, i.|| tion etc, 194. : 

55m. Parva-Bhadrapada, 26th asteriem—iden- 
Prnjiipnti—3oth year of Jupiter's cycle, i.|| tification etc,, 197. 

55 n: divinity of 4th asterism, 185, viii.|‘Parva-Phalguni, 11ih asterism—identifi- 

18n: the patriarchate a day of, xiv.|| cation ete., 189. 

21: name of astar (5 Aurigw), viii. 20:| Piishan, divinity of 28th asterism, 199. 






name of a yoga, add, n. 19, -Pushya, 8th astcrism—identification etc., 
Pramidin, 21st year of Jupiter's cycle, i 187, 
oo Nn. a 
me niithin, 47th year of Jupiter's cycle, i. Quadranta, odd nnd eyen, ii. 29-80. 
Oell. 1 
Pramoda, 88th year of Jupiter's cyclo, i.|, Radins—names, ii, 600; value in min- 
aa J P ycie, 





utes, 1. 22, ; 
Pravardha, name of a yoga, add. n.19. | Raihu, ii. 6; cause of eclipses, ii. 8 n, iv. 
Pregession of the equinoxes, iii. 9-12;'| Gn. 
ype. 105; stutement of, iii. 9; form|'Rikshasa—23rd year of Jupiter’s cycle, 
{ theory, 2 libration, iii. 12n; possible} 1. 55; name of a yoga, add. n. 19. 
reason, 108; Bentley's view refuted,|)Raktiksha, S2nd year of Jupiter’s cycle, 
104; theory of Siddhdnta-Ciromani, not]} 1. 55 n. 
a libration, 101; whether precession|/Ranganitha, commentator on Sirya-Sid- 
taken account of in construction of Hin-|}  dhiinta, introd. n., add. n, 2. 
du system, 103, add. n. 20; position and Ratnamiéli, authority respecting aster- 
history in this treatise, 102 cfc, add. nl] ims, 181. 
26;rale for enleulating, iii, 9-10; fur!|Réudra, 28th ycar of Jupiter’s cycle, i, 
determining by observation, iii. 11-12: 55 n. 
Greek view of precession, 105. . Rav ivara, Sunday, i. 52 n. 
Primo meridian, i. 62. ‘Regents of ycars, months, days, and hours, 
Prime vertical, iii. 6; its pole, 139; to find! i. 61-52, xii. 73-79, 
hypoth, of shadow, when sun is on the,!'Respiration, measure of time, 1. 11. 
1. 25-27, Retrogradation of the planets—name, ii. 





_ Priti, 2ud_youa, ii, 65 n. 12-13: explanation, snd definition of 
Progresses of the sun, from solstice to; limits, ii. 51-55. 


@ wolslice, Niy. 9. : [Htevati, 28th asterism—identifiecation ete., 


Projection of an eclipse, vi, name, vi. 1,83) 19%; its last quarter unlucky, xi. 21. 
scale of, iv. 26; tigure illustrating pro-| Revolution of a planet, i. 25-27 , numbers 
jeetion of lunar celipse, 157. | * of revolutions in an Age, i. 29-34. 

Ptulemy—possible traces of his name in| Right ascension, equivalents of the differ- 
Ifindu astronomy, i. 6 n; his times of ent sins of the ecliptic in, iii, 49-44, 

qsidereal revolution of the planets, p. 24, far-Risha, 28th srernuzeé, 199. 
add. n. 10; inclination of planetary or-!/Rohini, 4th asterism—identification ete, 
hits, i.70n; of ecliptic, i, 28n; use of|| 185; astrelogical consequences of gpl- 
chords, p, 66; relation of his chords to, lisfon of the planets with, viii. 13, 
Hindu sines, udd. n.15; mode of cal-)Rohitaka, place situated on prime merid- 
culating equation of centre of sun and| ian, i. 62. 
noon, p.68; of other planets, together||Romaka, name o. Rome, i. 6 n, xii. 89, 
with annunl equation, p.73; hisimprove-||Romaka-Siddhin’s, add n, 1, 1. 6 n. 
wents of Greek astronomy, not found in| Rudhirodgérin, 3lst year of Jupiter's cy- 
Hindu system, p. 75, 330; *relativo di-|| cle, i. 55 0. 
mensions and eccentricities of planetary ||Rudra, divinity of 6th asterism, 186, 
orbits, p. 76, retrogradation of planets, ‘ 

. 82; preeession, 105 ; distances, paral-||{For words often spelt with Sh, 8’, ’S, or 
ax, and dimensions of san and moon,|| S, see ¢, under the letter C.} 
127; direction,of ecliptic in eclipses,/Sa’d adh-Dhabih, 22nd manzti, 196. . 
140; astrology, vii. 28 n; heliacal set-|Sa‘d al-Akhbiyah, 25th mdnaiZ, 197. 














852 Sarya-Siddhania, 


Sa’d as-Su'dd, 24th monzil, 197. \|Siddhanta-Sirvabhiuma, add. n. 1 : meth- 
Sa'd Bula’, 23rd manzil, 196. || od of observing positions of astcrisms, 
Sadhérafia, 18th year of Jupiter's cycle,| viii. 12 n; epicycles, add. n. 18. 
® i, Sn. jSiddhanta-Sundara, add. n.1, cited by 
- Badhya, 22nd yoga, ii. 65 n. _ Siddhanta-Sirvabhaumn, viii. 12 n. 
Samvatsara—1 st hay of lustrum, xiv.17 n; |Siddharvhin, 27th year of Jupiter's cycle, 
yeay of era of VikramAdityn, add.n. 12.) i, 55 n. 
Sanskrit words, transcription and pronun-|Siddhi—16th yoga, ii.65n; name of a 
cintion of,. introd. n. youa, add, 8.19. : 
as-Sarfoh, 12th manzil, 190. JSidereal time, day, year—sece Time, Day, 
Sarvadhirin, 66th year of Jupiter's cycle,| Year. 
i. 55 n. Sieu, 28-fold division of heavens by Chi- 
Sarvajit, 55th year of Jupiter's cycle, i} nesc, 181; comparison with Ilindu 
55n asterisms and Arnb lunar mansions, 
183-200; map illustrating position and 
Planets. relations, add n, 27; origin of system, 
Sfiubhigya, 4th yoga, ii. 65 n. ace. tu Liét, 201. 
Sdumya—17th year of Jupiter's cycle, i. (Sign, twelfth part of ecliptic, i. 28; reck- 
55n; name ofa yoga, add. n. 19. v oned from any given starting-point, i. 
Scale of projection of an eclipse, iv. 26. 28 n, $8n; table of names and symbols, 
Seasons—number and names, xiv. 10n;/ i. 58n. 
months and asterisms belonging to,as-Simak, 14th manzil, 191. 
‘them, xiv, 16n; reason of varying'|Sin, 16th sie, 193. . 







Saturn, names, revolutions, etc., etc.—sec 


temperature, xii. 46, 7% n. iSine—nanie, p.57, add. n. 16; serie, of 
Second of are, i. 28. | sincs, in minutes, li, 17-22 ; comparative 
Serpents, divinities of 9th asterism, 188. |] table of, p. 63; “table of sines for every 
Seven Sages,‘stars in Ursa Major, xiii. 9; 

their independent revolution, viii. 21 n. 
Shadacitiiukha, solar period, xiv. 3-6. ! 
Shadow of earth—diamceter on mvon's 

orbit, iv. 4-5; no account taken of pe- 

numbra, iv. 6 n. | 
Shadow of pnomon—namer, iii. 5 n: base, 


degree, with differenees, 285; rule for 
developing the series, ii, 15-16; how 
derived, p. 54-5, add. in, 15 ; its falsity, 
add, n. 15; Hindu use of sines earlier 
than Arab, p.56; Arab eines from Greek 
chords, p.56 ; whether Hindu sines like- 
wise? add. n. 15: Hindu series how 


or north wd south projection of, iii, 23- 
25; path of its extremity, iii. 41-42. 
equinoctial shadow, iii. 7, 12-13: noon 
shadow, how caleulared, ili. 20-22; oth- 


obtained, p. 54, add. tf. 15. 

part of au are determining the sine, ii. 
29-30: to find the sine of a given arc, 
or are of a given sine, fi. 31-33, 


, er shadows, iii. 26-44, 34-36; shadow Sinz, 8th afeu, 189, 
cast by any planet or star, how deter-|Solar time, day, month, year, etc.—see, 
caine and Jaid down, 168, 172, | Time, Day, Meath, Year. 
ath-Sharatin, Ist manzi/, 183. USolstice, name of, 105, xii. 72 n. - 
ash-Shaulah, 19th weanzil, 194, iSoma:-Siddhanta, add n 1, 6. 
Siddha, 21st yoya, ii. 65 n. "Spmavara, Monday, 1. 52 n. 
Siddhanta-Cicomani—date, authorship,and (Sphere, 1.13, 


derivation, add. pn. 1; aceount of Vedin- Scuare, ii. 5 n, 
gas. i. 3ny planetary system, add. m6 5thira, hame of a yoga, add, n. 19. 
di@ision of the day, i, 12m; length of isubhinu, 51st year of Jupiter's cyclofi, 


year, and mean sidereal revolutions of} 


65 n. 


poet p.20; positions of apsides and Sukarman, 7th yoga, ti. 65 n. 
odes, 40m, diameter and creumfer-:sum of days—names, i, 51-n; how found, 


ence of cart, 1.601; prime meridian, | 


145-61. 


1. 62.n; preeession, 104; statement re-‘Sy—names, revolutions, ete, ete., see 


specting preeession as taught by Sdrya-,i 
Siddhinta, 101; sines of zenith distance 
and altitude of ecliptic, ¥. 7; detini-}| 
tion of position of asteri-m<, 1$2-20 “| 
of fixed stars, viii. 12; geography of} 
smuthern hemisphere, xii. 44; orbit of 
asterisms, xii, 9On; armillary «phere, 
alli. 3n; scriptions of ingtruments,, 
xii 21 n. 22n; solar day, xiv.3n; epi-| 
cycles, add, n. 18, 





Planet-—'limensions, iv. 1; meah ap- 
parent dinmeter, horizontal parallax, 
and distance, iv. 1; to find true ap- 
parent (fameter, iv. 2-3; briefer te 
ad, 312; solur eclipses, iv, v; calcu- 
lation of a solar eelip-¢, add. mn. 25; 
error of sun's motion and position by 
Hindu system, p 22; adaptation of those 
of other plancts to dt, p. 20-3; sun’s 
revelution of present treatise, 1. 2-9, xiv. 


General Index. 858 


su : bia ie in the creation, xii. 15- 
21: divinity of 18th i 
Sen Wa6. y asterism, 190. 
Sdrya Siddhinta—profesaedl revealed 
the Sun to Mays, i. 2-9 ? ersttoed u 
al-Birfini to LAta, i. 8n; referred by 
Bentley to 11th century, p. 21; réfuta- 
tion of this conclusion, 1.3 n, p. 23, 326; 
wyeition in astronomical literature of 
ndia, introd. n., add. n. 1, 326; its sys- 
tein compared with those of other trea- 
tises, add.n. 6; present extent, xiv.27n; 
division into two portions, xi. 28n; 
commentaries on, add. n. 2; published 
edition, introd. n., add. n, 1. 


Uttara-Bhidrapadd, 27th asterism—iden- 
tification ete., 198. 













cation ctc., 189. 


Vaicikha, 1st or 2nd month, i. 51 n, xiv. 
$n, 16n. 

Vaidhrta, or Viiidhrti, name of a hostile 
aspect of sun and moon, xi, 2, 4. 

V Aidhrti, 27th yoya, ii, 65 n. 
ajra—1i6th yoga, ii. 650; name of a 
yoga, add. n. 19. 

Varaha, name of current /£on, i. 28 n. 

bide pls astronomical and astro- 

ogieal authority, i. 3n, vil. 2 08 
Svati, 15th asterism—identification etc., vill. : 3 cere Af aga sa ea 


191. Varaha-Siddhanta, add. n, 1. 

Synodical revolutions of the planets, p. 68. Varivac 18ik seek ii. aE p. : 
| Varsha, rainy reason, xiv. 10-n, 16 n. 
‘ables for finding true places of planets,|| Varuna, divinity of 25th asteriam, 1977. 

where given, p. 74. Vasanta, Kpring, xiv. 10n, 16 n. 
Taitila, 5th ete. karana, ii. 69 n. Vasishthn or VAsishtha Siddhiinta, add. 
Taiftiriya-Sanhita and Taittiriya-Brah-|| n. 1, 6. 

ana, uames and divinities of the aste-||VAsudeva, xii. 12. 


risms according to, 182 etc. Vasus, divinities of 24th asterism, 196. 
Tammayn, commentator on Sdrya-Sid-|/Vateara, 6th year of lustrum, xiv. 17 n. 
dhifnta, add. n. 2. Vedas, xii. 17. 


Taraun, 62nd year of Jupiter's cycle, i.|/ Vedangns, i. 8 n. 

hin, Venus — names, revolutions, etc, etc., 
at-Turf, 9th meanzi/, 188. see Planets—in conjunction with other 
Jaéva Viveka, add. n. 1. planets, vii. 23. 
ath-Thuraiya, 3rd manzil, 185. Versed sine— name, p. 57; how found, ii. 
Ti, 14th steu, 192: | 22; scries of, for the quadraut, ii. 23-27. 
Time—real and unreal, i. 10; different] Vertical circle, 343. . 

modes of measuring and reckuning, xiv ;|| Vertical parallax, resolution of, 143. 


civil time and its, uses, xiv. 18-19; lu-}:Vibhava, 36th year of Jupiter's cycle, 1. , 


par time, 1.43n, xiv, 12-14; siderenl 55 n. 

time, xiv. 16; solar time, xiv. 3, 10; lVigakha, 16th asterism—identifieation 
time of guds, Prajipati, and Brahma,| @ ;491. 

D. xiv. 20-21: mode of reckoning time| Viertiu, name of stars in sting of Scor- 

practically employed, 1. 18.0; instru pia, 193, 

ments formeasuring time, xiii. 16, 19-)| Vicvavasu, 13th year of Jupiter's cycle, i. 

94: to determine the time by ubserva-| 55 n. ; 

tion of shadow of gnomon, iii, 87-39—|Vijaya, 1st year of Jupiter's cycle, i. 

see Day, Month, Year, ete. 55 1. 





‘imes of rising, ece Ascensional equiva-||Vikirin, 7th yenr of Jupiter's cygle, i. 
lents. bd n. 
Tan, Alh siew, 186. Vikrama, 48th year of Jupiter's cycle, i. 
T'xe, Brd sieu, 186. 55 nn. ‘s 
Ting, Sth aieu, 187. Vikramaditya, ern of, add, n. 12. 





Tvashtar, divinity of 14th asterism, 190. Vikrta, 68th ye:r of Jupiter's cycle, i, 
Tycho Brahe's determination of apparent) 55 n. 


“diameter of planets, vii, Lin, Vilamba, 6th year of Jupiter's cycle, i, 
665 n. 
Udravatsara, 5th year of lustrgm, xiv. 17 n.||Vinddi, meaeure of time, i. 11. 
Uei, 17th siew, 194. Virodhakrt, 19th year of Jupiter's cycle, 
Ujjayini city determining position of 1. 55 n. 
prime meridian, i. 62 p. Virodhin, 57th year of Jupiter's cyclo, i, 


Upnnishad, xiii. 3m 

Utpaita, name of a yoga, add. n. 19. 

Uttara. Ashadha, 21st asterism—identifi- 
cation utc, 194. 


65 n. : 

Vishkambha, Ist yoga, ii. 65n. - 

Vishgu—divinity of 23rd astcrism, 196; 
original character, xiv, 10 n, 





Uttora-Phalguni, 12th asterism—identi6- 


854 Sirya-Siddhénia. 


Vishnu-candra, author of Vasishtha-Sid- Yavanas, Grecks or westerners, referred 


dhanta, add. n. 1. to in Hindu astronomical (raditions, i. 
Vishgudhormottara-Purana, add. n. 1. 60, 330. 


Vishpu-Purina, citations from and refer- Year—civil, lunar, sidereal, and solar, 1. 
ences to, 1. 9n, 12, 17n, 19n, 2ln! 13.0; yearof the gods, i, 14; yeurs in 


23 n, ii. Sn, xil. 28 n, 44 n, 1 practical use in India, 1. 13 0; sketch of 
Vishti, 8th etc, karana, ii. 69 n. : solar and luni-solar calendar, for year 
“Vortices, or propelling currents, of the: 1859-60,i.51 n: length of sidereal solar 

planets, ii. 3, xii. 773. ° [| year, ace. to different authorities, p. 24: 
Vrddhi. 11th yoza, ii, 65 n, years of ergs of Calivahana and Vikra- 
Vyaghata, 18th youa, ii. 65 n. miclitya, character and names of, add. 


V yésa-Siddhanta, add. n. 1. n. 12; years of Jupiter's cycle, names 
Vyatipaita—1ith yoga, ii, 65n, xi. 20: of. i. 55; years of lustrum, names of, 

name of a hostile aspect of sun and xiv. lin. 

moon, xi. 2, 4. Yellaya, commentator on Sdrya-Siddhifin- 
Vynya, 54th year of Jupiter's cycle, i:; ta, add. n. 2. 

55 n. Youa, period of time—name whaeuce de- 


: rived, add. n. 19; two systems, names 
Warren’s Kala Sankalita, references to: and character of, i. 65 n, add. n. 19. 


and citations from, ‘ihtrod. n., i. 13 n, Yojana, meagure’of length, its subdivi-ion 
34 n, 48n, 55n, 62 n, p. 14, xiv.3n,175,' and value, i, 60 n, add, n. 13. 
ndd. n. 12. 19. : Yuvan, 43rd year of Jupiters cycle, i. 


Weber, references to and extracts from: 55 n. Q 
his works and essays, i.3n,6n, ii. 8 ni | \ 
vii. 23 n, 204, xiv. Gn, add. n. 1, 3, 26, Zenith, name of, v. 1n. 5 
28, 


| Zenith-tlistance—on the meridian, ili, 1-4- 

Week—not an original or ancient Hindu; 15; elxewhere, iii. 33, sun's zenith-dis- 
institution, i. 52n, xii. 79n; whenee- tance on circles of intermediate direc- 
brought to India, i, 52; names of its, tion, how found, iil, 28-34; to find the 
days, i. 52.0; how determine), i. 520: same elsewhere, iii, 31-36; how found 
when they begin, i. 66. 


from shadow, iii. 14-15, 37: instruppent. 
Wilson—hiz catalogue of Mackenzie Col-:}| for obtaining sun’s zenith-distance iy 
lection referred to, add. o.1, 2; hisi| observation, xiii. 21 n. 


re o ve a le a pan 5 
Visknu-Purana, see Vishnu-Purina, aga ili, 12n; signs of, see 
e me 
| 


Signs, 

Y, 10th sveu, 190. ||Zones of the earth, xii. 59-6y, 

® Yama, divinity of 2nd asterism, 184. az-Zubainan, 16th manzi/, 192. 
Yamakoli, city, xii. 38, “az-Zubrah, 11th manzil, 190. 


ERRATA. 





@ 
. 4p. 4, IL 2, 3 from below—exchange the words former and latter. 
p. 12, 1. 28—for plants read planets. 
p- 13, L 25—for 73-89 read 80-00. h h 
p. 24, table, 8rd column (Ptolemy), L 1—for 36 read 6. 
p. 29, 1. 34—for Word read Warren. : 
. $2, 1. 20—for 84-88 read 31. 
, 1. 4i—for 5059.556 rend 5059.64. 
, L 22—for day-sine read earth-sine. 
20, 1. 4—for sines read signs. 
23, 1. 20—for longitude of read of Jongztude. 
90, 1. 12—for as-Sarfuh read as-Sarf 
» 191, L 15—fur fourteenth read thirteenth. 
p. 283, 1. 2 from belaw—for 1962nd read 1917th. 


References made in the notes on the earlier chapters to the latter portion of 


chapter xii are in ceveral instances wrong by one verse, owing to an error of thee 
mafluscript consulted. : 
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